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GROUND-WATER RESOURCES OF THE
DAYTON AREA, OHIO

By Sraxixzy E. Nouaeis and Axorew M, Srrxee

ABSTRACT

Uve of grounn watcr in Dayton and euvirons, in southwentern Ohlo, amonnied
to 110 mpd (milliva gallons per day) in 1938 or about one-fourth of the State’s
total mee of this resource. The Dayion area 18 highly industrialised and has
a rapidly growing population of about 400,000, which is expected in double by
the year 2000, Induwtrial and commerelul growth also are expected to contimue
at & high rate, aw is the attendant Ose of gronnd water. Convern over the
ground-water situation at Dayion and tbe need fur determining whether the
sources of ground water are andequate to meer the anticipated future demand
led to the investigation om which this report is besed.

The area covered by this report includes the city of Dayton, which liee st the
confinence of the Mad River, the Stillwater River, and Wolf Creek with the
Miami River: the report also Includes that part of tha Mad River valley extend-
ing from the mouth of the river nnctheasiward to Huffman Dam, a distance of
about 344 miles, and that part of the Miami River valley beiween Duyton and
the moutk of Holes Creek about 834 miles snath of the city.

The jrincipal streams in the Duyton area flow In wide wvalleyn, which were
cut deep into relatively impermeable bedrock Uy preglacial streams and partly
fllled by glacisl deporition of sand, gravel, and till. The glacigl deporsits range
in thickness from 130 to 250 feet and consist generally of an upper snd &
lower mand snd gravel aquifer, each about 30-T5 feet thick. The upper agquifer
ls extensively pumped only at the Rohrers Island well Sield of the city of Dayton,
where water levels are kept high by artificial recharge. Elsewhese, this aqui-
fer in nnt thiek enough to allow mfficient drawdewn for the development of
high-capacity wells. The aqguifers are sepurated horizentallr by a till-rich
zone, which ocrurs as an areally extenzlve layer of till nr a3 closely associated
1l lensces and maasves. This til-rich zone, which ranges in thickness from 10
tn 50 feet. and whose top ir from 30 to T5 feet below the surface. is poorly perme-
able sod couflnes water in the lower rguifer under artesian pressure. Recharge
to the lower agnifcr, in which most wells are acreened, occurs largely by vertical
leakage through the till-rich zane. The awilability of ground water ix not
prevently Emited by the rate of leakage through the til-rich sone. ar the differ-
ence between the piezometric or pressure-indicating surface of the lower aquifer
and the water table In the upper aquifer is nowhere greater them about 20 feet.
The til-rich sone is Yocally absent. TWhere tt 1s absent. the two aquifers are
hydraulically conmected.

1



2 GROTNPD-WATEB RESOTRCES, DAYTON ARBA, QHIO

Wells in the Dastoa sres typically runge in depth from €0 to 175 feet and
commonly yield 250-2.300 galiesw per mimtte. As deirrmined by pumplng tests,
the cotficient of purmenbility of the lewer aguifer ranges frem L1000 co 2.500
spd (galloms per duy) per sq ft. snd irs coeficient of tramemisglbility ranges
frem 40000 tov an esthmatrd 230000 gpd per it Whers the till-vich same is
abgsat, the rranemtinsibiiily way be ot high o3 500000 Zpd per ft. From
pumping-tast daixn, tbe lrakage corficitn! of rhe 11l zome at the municipal well
feld e» Rohrers Islamd, in the Mad River valicy, wes compand as 0.001-0.082
e9d por cu It and the coeficient of verticsl permesbilisy of the till of (hie some

indaces infitrution of sireamBow throngh the rtreambied iute the upper aguwifer.
Tha. the avallability of greund weicr depends wot culy on ihe physical prep-
eriien of the aqsifers but aleo en the character of the sarfaco-wster Sow and
the rate at which waler cag percpiate threagh streawheds ntder varisns cendi-
tioss. Discharge measurements made st severa) points along the Mad and
Miami Bivers en Ocinber 4, 1008, st 2 time of very fow flow, showed that the
ate of hafitmatison (hrwngh the Myeambeds averaged abeat 1.7 mgd per acre in
artiicieily pended sreay on Relwrers Ivlaed wnd about G.O0T mpd per acre I the
resch of the Miam! River exronding sowth frem the Main Sirvet Reidge in down-
town Dayton to the city Dmits. The infikration rate in this part of the Jieml
Biver chanae] was predably at a wisimam whea the dincherge measuraments
wore made. It s satimatad o be woch higher—averaging abest Q75 wmgd
o ecro—when the Slacharge at the Main Street gane ie egual ta or grester
thas abeut 2800 cfs (cubic fd per arcond). Mowe of this megniinde ecrwr
abeut 30 peresat of the time, during whick ground-waier levels consistently riee
in this arven.

Grousd water is extengively withd rawa in three geoeral aveas. Ome of thers
areas s io the Mad River velley about 5 miles nerthesst of the ceuter of touwrn,
in the victuity «f Rohrwws Island. The other twe sreas are both in the Miaml
River valley ; our inctudes most of the central and ssuthers parts of Dayiea,
and the other is adeut 2 miles ssatk of Dayten and itactudes the plamee of the
Frigidaire Divisien af Geseral Metors Corp. and the well Sieids of the Momt-
ssmery County Sanitary Department

Pumgage of the ammicipal wall Seld en Rahrers Island averages mearly 36
mpd, mestly from the apper squifsr. The supply s matnisined srtiSiclally by
diverting river Sew Into specially comstrocted lnfitratien ditches and lagecss
ea Bohrers Island. Thewe svtificiaily flooded sress are dralned periefically
and dredged » remove (he scrumtlated muck aod silt = as v maintain o high
i of iaditretisn Ints the wnderlying aguifer. The Rolirers Island aren Das
renched the practical mic of large-ecale developmest. and the city is presently
defllling now wells sad developing ansther ground-water supply in the liami
Rtver vallay sorth of Muyton.

Pumpage by fadustrie] and commercial establishments in the cendral and
avethern parts of Daytes averages about 40 mgd. Growsd-water levels ta three
chetrvation wells in Chese areaa—qgr the Fourth Rirvet wation of the Dayton
Power & Light On. (M3-2). near the Stcwart Atreet Hridge oppesise the Natisual
Cash Register Co. {Mi-3). and ut the Mamicipu! Hullding aear the center of town
M-8)—have brew in fairly steady drcline since the beginwing of ressrd. Some
walls 1n this ares bave goae 317 or bave heen derpesed. asd puspage has been
vedured locally brenuae of low water leveln Recharge cenditions sre peer fa
the central aad ssothern parts of Dayion, largely owing 1o the sihiatien of the
rivesbed and formatien of 8 “chanme]l seal ™ which retards the ratc of siream
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infiltration. Water-supply development tn the Area as a whole iy near its prac-
tiesl Hvit nnlesx the rate of recharge ean be increased.

Pumpuge for industrial and public supply averages about 26 mgd fn the third
msjor area of concentrated pumpuge, which centers gt 8 point about 2 miles
south of Dagton. QGrouvnd-water levels have not heen lowered excessively in
this area and sdditional large supplies cap be developed. Favorable precharpe
cobditiona result from a relatively high rate of stream infiltration and, to a
lesger extent, from the presence of permeable kame depouits, which form a group
of high billy along the east side of the valley and contribute muck ground-water
runod? to the valley-ill deposits,

Ground water in the Dayton ares, which is in a llmertome terrane, is bigh in
calelum and magnesinm ; the range of hardness as CaCOs of 44 mmpies analyzed
is 200-516 ppm (parte per million). The irom content. -85 ppm in the mmples
analysed, la troublesome. The iron problem is lntensified by the presence of
frov-precipitating “bacteria” in many wells. Chlorine trestment uscally i» re-
quired for the control of such organisme.

The demand for ground water {n the Dayton area is estimated to rise from
the 1834 towal of 110 mgd to at least 140 mgd by 1975 and to at least 200 mgd by
the year 2000. This last quantity is more than ean be developed In the arem
under naturml evuditions, and an Increasing incidence of local water shortages
is forscast uniess 4 comprehensive plan ts evolved for comserving water apnd
increasing the rate of infiltration to the aquifers.

INTRODTCTION
PUBPOSE AND SCOPE OF THE INVESTIGATION

The awvrilability of emple supplies nf water has been vital to the
growth and industrial development of the Dayton area. Ground
water, because of its purity and low temperature, has been of special
value to industry, and comparatively few cities in Ohio are so abun-
dantly endowed with ground-water rezcurces ae is Dayton. Nature's
providence is reflected in the fact that nearly one-fourth of the total
quantity of ground water used in Ohio is pumped from wells in the
Dayton area. The Dayton mumicipni water system is ane of the
largest im the Nation where the entire supply is taken from wells.

The use of ground water in the Duyton area has grown enormously
in recent years. Figures compiled by the U.S. Geological Survey in
1946 and by the Water Conservation Subdistrict of the Miami Con-
servancy District in 1954 reveal an increase in water use of about 40
percent in the intervening 8-year period. Indications are that the
use of ground wuter for industrial and municipal purposes will con-
tinue to expand in future years. Forecasts by the Presidential Ad-
visory Committee on Water indicate a probable doubling of the Na-
tion’s current demand for wnter for industrial use by 1975. The
increase in water use at Dayton may be subetantially above the na-
tional average if recent trends continue.

Although the demand for water will almost certainly increase, the
supply is limited. Even prior to the drought of 1953-34, when com-
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paratively little altention was being peid to water supply, 20me
observers speculated that the growth of Dayton might be stented
eventmally by the dificulty of obtaining water ecomomically. These
cbeervers pointed to the fact thar lxal zhortages already had devel-
oped; some wells have been abandomed, and a few indusirial plants
appesred 10 have reached the maximum practical development of the
ground-water resources in their respective areas. Fears of a wide-
spread water shortage became more widespread during the ensuing
3-year drought and wers intessifled 2s water levels in cheervation
wells dropped to record lows. Public oficinls and represemiatives of
industry uwlilm berame concermed. Various plans to conserve water
or to recharge aquifers were proposed: the principal plan called for
the construction of control dame and retarding besing i the bead-
waters of the major tribatary streams to provide for incressed dry-
westher flow ia the Miami River. Increased riverflow during drought,
it was asserted, would resuit in more recharge to the growmd-water
reservoirs.  Systematic dredging of the stream channels in arees of
heary pumping also wss proposed as a mesns of incressing the rate
of infiltraticm to the underiying aquifers.

Thus, slarm cansed by the drought and concern for the futwre
resulted in the erention, in 1853, of the Water Conservalion Subdis-
trict of the Miami Consarvancy District, which was to study the feasi-
bility of contructing control dams. The Subdistrict in 1956 retaimed
s board of ronsuliamts 10 ascertain the benefirs or liabilities of the
proposal. The comsultanis. afrer collecting basic hydrologic data aad
making several experiments with artificial recharge, reported that
increasing the basc flow of the Miami River wonld s a i
imcrease growad-water rechsrge. On the contrary, they found that
vreduotion of the peak flows necesmary to store water for asgmenting
Tow flows wouwld inhibit rerharge, mesmach as most infiltration occurs
during floods. Thus if flood peaks are reduced, so is much of the
Techarge.

In 1956 the Water Contervation Subdistrict. entered inio coopers-
tion with the Renach of Ground Water of the U7.S. Genlogical Sarvey
to conduet the investigation forming the besis of this report, whose
objective is a compechensive review of the problems of greater Day-
ton’s ground - water sapply, wiik particslar emphasis or future water
requirements and how they can best be inet. Tho scope of the report
includes a detailed study of the geclogy and hydrology of the princi-
pul aquifers, s history of ground-water pampuge as related to water-
level trendy, & review of the quality of ground water, and, not least
in fmportance, an sstimate of Dayton's future water needs based on
s continuation of present growth of population and indusiry.
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No report is “final” inasmuch as ground-water requirements are
constantly changing and ere dificult to predict. Thus by 1976 the en-
tire problem may have changed, rendering the present interpretation
as obsolete a3 the old Miami and Erie Canal. It is the anthars’ pur-
pose to present first the facts, and second their interpretation. Wheth-
er or not time akers the validity of the interpretation, the facts stand
&s & bass for any future investigations.

PRIVIOUS INVESTIGATIONS

The glacial-outwash aquifers of the Dayton ares bave been described
in several reports covering various phases of the geology and ground-
water resources of western Ohio. Fuller and Clapp (1912) reported
on the Dayton avea in their reconnaissance of the gromd water of
scuthwestern Ohic. Forerste (1815) wrotc sbout the geology of the
aren and briefly meantioned the ground-water resources. Stout, Ver
Steeg, and Lamb (1943) included a chapter on Montgomery County in
their report on the geclogy of water in Ohio.

The most complete investigation of water resources of the Dayton
area made prior to the present one was written by Norris, Cross, and
Goldthwait (1948) ; it covers in much detail the geology of the con-
solidated rocks and of the glacial deposits and provides date on the
hydraulic properties of the aquifers, ytelds of wells, water quality,
and streamflow characteristics.

Walton and Scudder (1960) studied the ground-water resources of
the valley-train deposits in the Fairborn area, immediately east of
the ares of this report. '

Norris (1959) studied in detail the hydraulics and hydrology of the
vally-fill deposits in the viciity of the Dayton municipel well field
on Rohrers Island, in the Mad River valley. His report, a byproduct
of the present investigation, describes the separation of the valley fill
into two aquifers by a clay-rich zone and gives the mte at which water
leaks through this semiconfining bed to the lower aquifer.

Streamflow characteristics have been determined by a systematic
stream-gaging program, maintained for nearly 50 years in the Dayton
ares by the U.S. Geological Survey, in cooperation with the Miami
Conservancy District and Ohio Deparument of Naiural Reasources,
Division of Water. Flow characteristics have been tabulated and dis-
cussed by Cross (in Noitis and others, 1948; Crues and Weber, 1950
Croes and Hedges, 1959). Cross (1850, p. 60-62) also gave a sum-
mary of the history of surface-water development, which centered
sround the Miami-Fria Cunal system.

The disust rous flood of March 1913 and the formation of the Miami
Conservancy District and construction of five flood-control reservoirs
in the Dayton area were dexcribed by Morgan (1851).
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National Cash Registor Co, and G. E. Miller, E. B. Oda. and Doxle
Mummnert of the Frigidaire Division of Genarsl Motors Corp. provided
information regarding the wse of ground water by their respective
industriss The awthors are graieful to the many well drillers of the
Dayton ares who made information svailable. G. M. Baker & Sons,
Inc, Mesers. Chay P. Garrison, Elbert Ilays, Tewis C. Harman, A E.
Lotts, the Iayne-Ohio Co, Messrs. 0. O. 'egg, and Domald J. Roe
ware among those drillers moet frequently consulted. Mr. Roe, of
Vandalis. Ohio, was especially halpful in providing several gamma-
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ray logn of wells he had drilled and in giving information on pumping
tests he had made in the Dayton area.

Mr. Wilbur Cotton, formerly executive secretary of the Miami Con-
servancy District, was tnstrumental in providing support for the
investigation,

Finally, the authors express appreciation to Mr. O. B. Roemelin,
vice pregident of the Dayton Power & Light Co, whose untiring
efforts 88 chairman of the Wuter Conservation Committee of the
Dayton Chamber of Commerce led to the formation of the Water
Conservation Subdistrict of the Miami Conservancy District and
ultimately to the support for the present cooperntive investigation.
Mr. Reemelin has been instrumental in fostering snd maintaining
interest in water conservation in the Duyton area. It is not an over-
statement to say that his interest in Dayton’s water problem wns the
larges: single factor in making this report poasible.

METEODS OF INVBESTIGATION

During this investigation, records of 458 wells were collected and
these wells were located in the field. Comprehensive inventories of
ground-water pimpege in the Dayton area were made in 1935 and
1958. Waler levels in sbout 60 observation wells were measured in
1955 and twice annually in 1958, 1959, and 1960: and contour maps
were prepared of the piezometric surface of the lower aquifier. The
results of seven pumping tests were analyzed, and chamical anslyses
of 44 water samples were made.

The presence of widespread sheets of till interbedded with the valley-
train deposits led to the use of several specialized criteris for their
recognition. These criteria are described in detail under the heading
“Specialized Investigational Techniques.”

WILL-NUNBERING SYSTEX

For purposes of well numbering and the inventory of ground-water
pumpage, the Deyton nres is divided into six districts. (See pL §.)
Privately owned wells are assigned numbers by district eccording to

the following plan:

Dtateict welt Noe.

Central..... __. ———- - 1100
East_______ —— 101-200
North._. — 201300
West___ ———— - U1-400
Bouth Park - 401-500
Moratne — - .- 501 and wp

All privately owned wells inventoried in the preparation of this
report are listed in the section “Records of Wells in the Dayton Area.”
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Public-eupply wells retain the numbers originslly designated by
waterwocks officials.  Wells of the Deyton Municipal Water Depart-
ment are designuted by the prefix C, wells of the Montgomery County
Sanitary Department by the prefix M, and wells of the Oskwood
Water Works by the prefix O. Test wells drilled by the Dayton Mwmic-
ipal Water Departineat are given their original number prefixed by the
lottar T. All publie-sapply wells inventoried in the preparation of this
report arc listed in the section “Rocords of Wells in the Dayton Area.™

Observation wells In Mowtpomery County whose records sre main-
tained by the Ohio Division of Water in cooperation with the G.S.
Geological Sarvey are desiguated by the prefix M. These observation
wells are ot listed in the well-records sectiom but ure described in the
seotion “Hydrogrephs of Observation Wells,” beginning on p. 119.

RANLY NINTOXY OF OROUND-WATER DEVELOFNENT

In 1880 pumpage at the Dayton waterworks amoanted to about 1
mgd (million galloms per day), and totsl ase of grownd water in the
Daytoa ares, including thet from privaie wells, is estimated to have
besn mo rocre than dovble this amount. By 1938, ground-water pump-
age for municipal, industrial, and commercial nse in the Dayton area
bad increased 0 110 mgd. These pumpege figares, seperated in time
by no more than 2 ksman lifespsn, document the growth of Dayton
from Little more than a country village to & vast complex of factories,
&ores, hames. airports, and other components of a modera metropolis.
Water in sbandance and 2t low cost was essential to this growth, and
it is fully as essential (o the preservation of rodsy's indwstrial economy.
Deyton’s continued growth depends on rhe continned availabiliiy of
ever larger quantities of pure, clean water. Truly, modern civilizaison
has an inmatiable thirsz.

From the beginaing of its ssttlement by a small band of pioneers,
who in 1796 diembarked from flatboais at the confluence of what then
were considered three navigahle rivers, warer has been of paramount
interest and concern to Deywn’s citizens During the town’s early
years, attention was directed chiefly to surface-water sourcez of zup-
Ply, 10 the building of milldams and levees, and to the use of the rivers
for transportetion.

The Miumi and Erie Canal in 1829 linked Dayton to the rest of the
world., by way of Cincisnati, and inangurated Dayton's first significant
growth. Cansl trafiic reached ity peak sbomt 1850 and then began
its rapid decline, which was comcident with the growth of rail truns-
portation.
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The firet well dug in Dayion was on the Newcom lot at the corner
of Main Street nnd Monument Avenue, according to the Reverend A.
W. Drury {1909, p. i26), who stated that:

In the grarels underlying the original site of the city of Dayton and within
¢ fow feet of the surface an sbundance of eool, wholesome water way readily
secured. * * * welin both public and private, ware sunk in all parts of the
origingal plat. Many thought that no other provisions would be necessury. When
Jarger needs began to presant themeelves, attemtion was Lurned to Mod River
as a souree of supply. The cleur, rapld current of this stream, with 2 tull double
that of the Miami, was well calculated to capture the imugination und inepire
the firat efforts 1n securing an adeguite waler mpply.

Reverend Drury went on to stute that as early as June 2, 1826,

the common coumefl passed a resolution requesting Mr. B. Brabbam and Mr. V.,
W. ¥an Cleve to survey and ascermin the pructicadility of conweying water from
wome point on the Mad River into the town of Deyton.

Events evidently moved slowly, howerer, and according to Reverend
Drury nov unlil March 1, 1845, was the Dayton Waler Co. incorporated
and authorized to “dig Lrenches, lay pipes, and in every way necesmary
insig]l a complete plant by which should be secured good and whole-
same water from Mad River.” Despite this mandate there is no record
of anything having been done ; likewise, seversl other afforts to provide
s waterworks belweea 1845 and 1869 failed.

By the 1860's, however, it was recognized that many shaflow wells
wers being contaminated by the effluent from cesspools dug in the same
sand-and-gravel formation. The need for sewers led to the establish-
ment in 1868 of the first board of hexlth. In 1369 a bond issue for a
waterworks was passed by the voters. A committee was then formed
to mske recommendutions for a water systemn; Conover (1932, p. 527)
reported that:
the Committes favored the "Holly systom” or direct presyure (no standpipe)
system. Council lraved grvund at Duatoit and Deacon Streets, und in Beptember,
1868, sunk two wells, each 25 feet in diameter. Theas were unsatisfactory and
the conncil purchased two geres at the corner of Keowee and Ottawa Streeta
fox $3.000.

Wells were sunk at the new site. Conover reported (1932, p. 527~
528) that:
is 1871 a long trench was made in the vicinity of the wells to serve as & worage
reservoir, bul within a year it was found necessary t¢+ make a dfrect connection
with Mad River in order to secure o sufficient supjly, an axtenrive filter of gravel
being relied upos to exclude all impurities.

In 1874, a very dry Fear, the water supply proved inwmficient and the water
of Mad River was turned into the service pipe without any attewpt to filter the
sams.  This copdition continuved from July 18 to the latier part of Eeptember.
The gallery filtrmiion system proved to be a failure and large wells afierwand
aubk falled to weet requiresenta.

T17-015 O—86——2
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Ia 1587, weils were driven in the bed of Mad River. whirh with variom
addiiens and Imprevements have given an abundant sapply of pare water §own
oo the pressnt thea

Many of Dayton's earlier citisens recognized the relstiamship be-
tween gromad water and the geology. Writing in the 183072, Steele
and others (1589, p. 88) stated :

Bat nox the loust of the sdvancagos derived frem the sand and gravel that
underBes Dayten is the drzinege It affnrda It slmost ebriates the pecessiey of
mwerege. * * * Undernestd the City, at & depth of a few fort, runa & constasnt
sream of water, remeviag impurtties of ak kinds and provexting disease. Ia
the lows demosly populsted parts of the City i1 acts o3 an wimirabie filler, and
carries ia wells pure and onid water for drinking end calinacy pusrposes. Now
thet in parts of the City well water iy 30 Inger contidered whelrssme, the City
is indebtad t» this same [sond and gravel) for the wells ar the waterwesks

A more complele interpretation of the geology was written by
Conover (1832, p. 214).who reported that:

Darion's advantages and future grwspects, as far as thase depend wpen an
sdoguats wettr mugply. are dec (o the grelogical fSermstion of the vallers
cemtaring st Dayron. Great channeis and extrnsive arees ware grooved ewt of
the selid reck tad inre thamm were borne from the worth gres: quantition of drift
ia fhe form of clay and gravel end send = * *

The lower strata cassisl for the mest part of claye kapervions to wutrr. In the
vichity of Dayton. the ugeer lavel of the clay iz from 39 to W8 fert belowr the
surface of the valleys.  Above thig clay Soor are the steata of pravel awd sand in
which is the grest reserveir of water ready s be tapped for the waes of men.

The “clay floor™ to which Comover referred ie the top of sn extem-
tive till deposit which gemerally separates the sand sad gravel de-
posits intc an wpper and a lower aquifer. Evidently, Conover was
unsware of the existence of the lower aquifer, in which mom wells
other than snme of the municipal wells st Davion now are scremmed.

Along with knowledge of the geological aspects of Dayton's gromad-
water supply, came the wsual prognostications of the “imexhanstible”™
character of this vital resource. Steele (1389, p. 214) wrote: “The
supply seoms ipexhamstible; however, should the growing population
in the future require more water, additional wellz can be added to the
plaat * * * the waterworks will (soon) have a capecity of 17T mgd.”
Another accomnt (Conover, 1832, p. ¥14) stated: “Probably no city in
the country is more highly favored than Dayton ndlanabnndnm.
supply of pure and delicious water. The wells are practically in
exhanstibla * * *.”

Tn 1998, C. I1. Paul, an engineer, stated in 2 publication of the Day-
ton Chamber of Commarce that: ““Not only is the present supply ade-
quate fer some time to come, but undeveloped wuter resources, easily
wvailable, are controlled by the Ciity, and the search for an adequsze
water supply will never be ame of Dayuon’s problema. For and in-
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dustriu] city this is an asset whose value can hardly be overestimated.”

Panl made this statement when ground-water pumpage in the Day-
ton aren was about 40 mgd, u little more than one-third the 1968 total.

1t is unlikely that P’aul or anyone else in the 1920’s, and certainly
no one of & generation before him, could huve foreseen the explosive
increase in the rate of industrial expansion and in water use that has
characterized the Dayton srea in the past 20 years. He and his
predecessors, therefore, may be cxcused for their unqualified optimism
at u time when very few facts were availsble as to the amount of water
in storage in the aquifers and the rate of natural replenishment.

And 30 it has been in this country with resource after resource—
timber, mineral deposits, fertile soil, ond wild game—to cite better
known exsmples; the initial concept is that their supply is “inex-
haustible.” Only when actunl depletion or sharp conflict between
users becornes grim reality do the citizens bestir themselves and begin
accurately to evalurte and conserve Nailure's bounty. We owe it to
some of Dayton’s leading citizens, notably Mr. O. B. Reemelin, for
pointing to the urgent need for an evaluation of our ground-water
resources. Only when facts are at hand can this vital resource be
intelligently developed, managed, and conserved.

GEOGRAPHY
LOCATION AND AREAL BXTEKT

This report considers the greater part of the Dayton metropolitan
ares, which is in the eastern part of Montgomery County. A narrow
strip of the report area lies ulong the west edge of Greene County
(fig. 1). Deyton is in the southwestern part of Ohio, about 30 miles
northeast of Cincinnati and 85 miles west of Columbus. The report
area covers sbout 175 squere miles, is reciangular, and comprises
parts of six T14-minute topographic quadrangles: Bellbrook, Dayton
Noxth, Deyton South, Fairborn, Mismisburg. and Trotwood.

TOPOGRAPHY AND DRAINAGE

The Dayton arca is in the THl Plains section of the Central Low-
Jand physiographic province (Fenneman, 1938, p. 499-518). The
land surface is flat to gently rolling and is at an sltitude of 900~
1,100 feet. A mantle of glacial drift overlies the bedrock. The
principal streame—the Miami, Mad, and Stillwater Rivers—are en-
trenched, wnd their generally flat flood plains range in altitude from
710 to 760 feet. The downtown part of Dayton is on the flood plain
of the Miami River st an sltitude of about 740 feel. I.ocally more
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Ptz 1L —8sumthwestarn Oble and the Dayiom aren.

relief is the result of kames and termimal morames
deposited by the Wisconsin ice sheet.

The area is largely in the drainage basin of the Miami River.
Little Beaver Creek. s tributary of the Little Miami River, drans &
msupndthedydm,whidnhhthmmpn
of the area. The principal :ribataries of the Miami River in the
Dayton sres mﬂ!hdkiﬂ,&iﬂmterliﬁ.“'df&e&,lﬂl
Holes Creek

CLIMATE

mm“hlhﬂidwdimne,:mmﬂ
tempersture of 2.7°F, and a mean smnoal precipitation of 36.75
inches. Normally precipitstion is distributed evealy through the
Year. ‘l‘be;wdﬂnoftheﬁrafmhgmtminﬂnhﬂ
is October 21. and that of the las in the spring is April 30. Thus
the average hngth of Lhe growing season is about 6 manths. Tempera-
ture extremes are rare and of short duration. The record high
wnpumklw’F,MJnlylwl,mdthnmudloww
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is -28°F, in February 1899. Aboui 1 year in 10 hag remperaiures
above 100°F and 2 years in 8 huve temperatures below zero. Snow-
fall is moderato; the maximum recorded accumnlation is 16.3 inches,
in January 1918,

Plate 2 shows the monthly precipitation at Dayton for 1942-80,
the period of water-level record in this area. Detailed information
on climats is available in a report by Narris, Cross, and Goldthwait
{1948, p. 6-9) and in the publications of the U.S. Weather Burean.

POPULATION, INDURTRY, AND TRAWSPORTATION

The population of the Dayion ares is about 392,200, according to
the 1860 census. This figure is approximate becsuse the area includes
fringes of townships bordering those here listed, whose population
makes the actual tots] slightly greater than is shown. Dayton ranks
as the 6th largest city in Ohioc and the 49th largest in the United
Statce.

Tabls 1 shows the population trend of the Dayton metropolitan
area for the period 120-60. It can readily be seen that the suburban
area has grown relatively faster than the city itself. It is esiimated
that by the year 2000, the 1960 population will have doubled.

Tasiuz 1—Poepulation of the Dayfon avea, 1980-60

1900 1ee0 F T e 180
Mnntmmm'v County_._----- 209, 532 273,481 285,430 398 441 527,080
Ouy of D ...... 152, 530 200,982 210,718 243,872 262, 332
Ci",{ym (tor-
m
Township}.cceacaeo.. 7.218 11,271 16.442 22,200 o4, 462
City;fu‘l!onigv(fnr-
m part an
Township)o ... .cocoe.. e mmer eevmmmmmenm——- 2,362
City of Oahood_---.-- 1,473 8, 404 7. 832 9, 801 10, 493
Harrizon Towamhip_ . .. 7, 880 8,085 12,683 27,974 25,998
Mad River Township. - 3,283 4,371 4, 842 17, 880 33,644

The Dayton ares is one of the major indusirial centers of Ohio.
In 1980 there were 738 industrial firms in Montgomery County,
about 675 of which were in the area covered by this report. Among
their principal products, valued at $875 million in Montgomery Coun-
Ly, are automobile equipment, refrigerators and sir-conditioning units,
cacth registers and related business machines, electrical equipment,
paper products, books and printed malerial, rubber goods, machine
tools, and precision instruments.

Industry has a long tradition in the Dayton area. Since 1910 Day-
ton has been a center of the automotive industry; in recent years the
emphasis has been on automotive parts. Much of the imdustrial
growth of the city can be attributed to its proximity to both the
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source of raw materials and the markets The excellent water re-
sources of the area have emabled Dayton to sustain a high level of
industrial sctivity.

The Dayton area is provided with excellent transport facilities
It is on the Tines of the Baltimore & Olio, Erie-Lackawanna, New
York Centrel, and Pennsylvania Railroadz and is served also by
American, Delta, Lake Central. Trane World, and United Airdines.
The area i served by 98 motor freight lines and ® motor bushines
Severa] major State and Federsl highways link Davton with all
nearby metropolitan centers. Route 73 of the new Federal intrersraie
highway system peses thromgh Davton. and Interstate Rowte 70
as2es 7 miles north of Dayton.

NINERAL RESOURCES

By far the most abundant miners) resources available in the Dayion
ares are gravel and sand. commercial quantities of which are available
almost everywhere in the area shown oa plate 1 as “Glacis] cutwush.™
Of special interest is the large ares of kume moraine where sand and
grsvel easily can be removed from hillsiden Many large sand and
gravel pits are located in all directions from the built-wp central dis-
trict of Daytona.

Limestone is available but is not now quarried in the area of this
Teport, although several limesione quarrie: are operated in adjacent
areas (Norris and others, IMR p. 12). The limestone of this area
probebly will never be quarried. as it occurs largely in the demmely

populated urban erea.
GEOLOQY

The consolidsted rock= wnderiying the valleys and lowlands in the
Tayton ares consint of shale and thin interbeds of limestomne. The
Timesiome layers are hard. coarsely cryutalline to dense, sand very fos-
siliferous. They are 1-5 inches thick and may make up 25-50 percent
of the entire sequence. The interveming claylike shale is soft. putty-
like, and sometimes has distinctive robin’s+-egg-blue color, which facili-
tates identificarion in drill curztings. The sequence of shale and inter-
bedded Iimestone was named the Richmond Group sfter exposures of
these rocks near Richmond. Iad.  The Richmond Group is of Ordowi-
cian age and was deposited a3 ocean sediments about 130 million years

ago.

The Richmond Groep s capped on the bedrock divides in the Dayton
ares by the Bramfield Limestone of Silurian age. The Rrussfield
Limestone is a light-gray to broxa, relatirely pure limestone, as moch
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as 30 feet thick. It i8 quarried at Fairborn and used in the mannfac-
ture of cement. The contact between the Brasefield Limestone and
shale of the underlying Richmond Group is well exposed in the ratl-
road cut at the southeast end of Huffman Dam, in the northeastern
part of the arca.

The consolidated rocks are relatively unimportant as sources of
ground weter in the Dayton area, The shale and interbedded Jimestone
of the Richmond Group yield barely sufficienl waier for household
wells. Many wells drilled into these rocks are, for all practical pur-
poses, dry. The Brassfield Limesione is & much better aquifer than
the Richmond Group and is & generally dependable source of water
for farm and home uee. The waler-yiclding properties of the con-
solidated rocks have been described in deteil by Norris, Cross, and
Goldthwait (1848).

GLACIAL (PLEISTOCENE) DEPFOSITS

Abont 1 million years ago worldwide climatic changes oocurred
that have resnlted in the periodic formation of glacial ice sheets of
continental magnitude. Four times, al Jeazt, at intervals scparated
by severul tens of thousands of years, these glaciers have spread from
centers of accumulation in northem Canada and eleewhere into the
northern United States. The four glacial stages are nemed, from
oldest to youngest, the Nebraskan, Kansan, Illinoian, and Wisconsin
Stages. Weathered boulders of glacial origin i northeastern Ken-
tucky and diversion of ancient dreinage lines in Ohio and other
Statee are evidence that at least one and possibly both of the frst
two glacier: reached the Duyton area. It is certain that the last
two glaciors reached the Dayion ares; the Illinoisn glacier advanced
southward to points & few miles south of Cincinnati, and the Wis-
consin glacier siopped & few miles north of Cincinnati. The Ilii-
noian glacier receded from the wesicrn Ohio ares about 200,000 years
ngo. fce of Wisconsin age covered much of Ohio s recantly as
14,000 years ago. In u sense the Wisconsin glacier is still in retrest,
the remnants of this last great ice sheet being confined now to the
Arctic regions.

Each of the four principal glacial siages was influenced by rela-
tively minor climatic fluctuations, and the glaciers altcrnately ad-
vanced sud retreated over the area. These oacillations, less wide-
spread thun those that characterised the principal glacial advances,
are known as substeges. Evidence of 1llinoian and older substages
has not been recogmized in Qhic. Wisconsin-age deposits in westarn
Ohio have been related (o two substages, corresponding to early and
late Wisconsin time. Largely on the basis of radiocarbon-dating
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methods, Goldthwait estimated (1958, p. 209) that the first Wisconsin
advance reached western Ohio more than 37,500 years ago. The lest
major advance of the Wisconsin ics commeaced between 25000 and
19,500 years ago; the ice began 1o recede from its southern terminus.
near Cincinnati, about 17000 years ago, and it disappesred from
Ohio aboat 14,000 years ago (Goldthwait. 1959, p. 198-199, 211, 213).
The Wisconsin ice resdvanced locally during its final recreat aad in
many aress deposited till on sand and gruvel that had been but
reomntly laid down. This is shown by extensive areas in which 4ll
overlies gravel nemr Dayton, generaliv on the higher land adjacent
to the major valleys both north and soath of the city (pl 1; and
Goldthwait, in Norris and others, 1948, p. 34).

The glaciers transported inio western Obio vast quantities of rock
and soil, most of it bronght froms no great distance, bt some of it
origimating 3 far away as Northarn United Ststes and Cavads.
When the glaciews melted, the 80il and rock debris was left om the
bedrock, either in the form of till or as sand sad gravel, according
to (he way it was deposited

L

Till was depoaited directly by the ice a2 it moved gver the ares;
it is 3 heterogeneows mixture of clay and stones and lacks assortment
or stratificatian. Tt covers moet of the upland aress (pl. 1) to depths
of a few feot and is 80 feet thick or more where it fills depressions in
Lbe enderlying bedrock sarface. Locally, 15 at the linestons quasTies
near Fairborn, it is thin or absent.

TUl of Wisronsin ege weathers 1o & yellowish-brown to dark, silty
clay loam, typical of glacial limestone soils. Below the soil aone
downward to the base of the zone of axidstion, which may axtend 10-
90 feet below the sarface, the till is Yight brown and is fairly easy to
dig. Unoxidized tifl is bloe gray and is relatively hard and tough.
The wall driller commonly reports it ss blue clay or hardpan.

From time to time, ss the glaciare advanced over or retrested
from the Duyton srea. tongwes of ice lay in the vaileys. When thess
jos tongues melted, the till they contained was deposited as widespread
Iayers or, locally, as blocks snd lemses. In some areas thess till de-
posits were removed or ewt throngh by melt water. In most places
the till was buried by ourwash sand and gravel and remains much as
in its origimal form.

Till, being relatively impermenble, is 2 reajor factor in the hydro-
logic cycle in the Dayton ares because it. is generally interbedded
with the snd and gravel deposits in the large valleys and it slows
recharge to the underlying squifers.
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OCTWASH

When the gleciers melted und the ice fronts retreated, the waters
derived from the melting ice poured down the valleys, filling them
with vast quantities of sanid and gravel, called outvwash or valley train.
The term “ovtwrsh™ is appropriate, for the materiu) literally was
washed out of the glacier. Most of the outwash deposits in the Dayton
ares were left by ice of the two Wisconsin substages. The deposits
of the earlier glaciers had been largely removed by erceion and trans-
poried to the sea by the rivers and creeks that occupied the vulleys dur-
inyr the ensuing intergiacinl stages.

The vutwash depoesits in the Dayton ares range in thickness from
about 120 to 250 feet. They are the sole sourve of the large ground-
water supplies that are pumped for municipal and induostrial use. The
deposits thus canetirnte, indirectly, a vital natural resource of inesti-
mnble worth.

GEOLOGIC HISTORY

DEPOSITION AKD UPLIPT OF CONSOLIDATED ROCKS

A shallow sea occupied the Dayton ares during much of the Paleo-
zoic Ere, which began more than 600 million years ago and ended
about 230 million years ago. During that time sediments accumulated
in the sea and gradually becameo compacted into the consclidated rocks.
Shale of the Richuiond Group was once chiefly mud brought to the
sea by rivers heading in landmasses to the east and southeast. The
limcstone layers of the Richmond Group are made up largely of the
calcareons remeins of orgenisms that lived in the former sea. The
overlying Brassficld Limesione also was derived from the limy re-
maine of these organisms.

During much of the Paleoxoic Era the Dayton srea amerged above
water 83 part of a low-lying landmass or chein of islands. These
emerygent lands were along the crest of the Cincinnatt arch, whose axis
traverses western Ohio along a generally north-scuth line that passes
through Cincimnsti and Toledo. According to Stout (1941, p. 13),
the Cincinnati arch was formed by subsidence of the rocks along the
fianks of & resistant core. This core possibly is formed of crystalline
rocks (Lockstt, 1847, p. 435). The crest of the Cincinnati arch stood
at or near aea level for long intervals of grologic time. The strata
thicken on both flanks of the arch and dip off the crest at low angles.
In Montgomery County, which is on the crest of the arch, the consoli-
dated rocks dip approximately 5 feet per mile to the northeast, paral-
Tel to the axis of the crest {NoiTis and others, 1048, p. 23).

The final emergence of the western Ohio area took place near the
end of the Paleozoic Fira. Streams formed on the new land and began
their slow work of transporting sediment to the sex. In the millione
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of years since (he end of the Paleosoic Era erosion has removed many
feet of Younger ssdiments. to expose those that presently compose the
bedrock. As erosion went ou. the area more than ouce was reduced to
a relatively flat surface, known as a peneplain Typically. afier 2
peneplain, ar an incipient pensplsin, had been developed, the ares
would be uplified slightly, or for some other reasom the base level of
the styeams wowld change. and dissection of the surface would begin
answ. The bedrock surface in the Dayton sres ranges in altitude
generally between 900 and 1,000 feet. This surface represents a well-
dsveloped peneplain. the Jexington, which can be traced over much
of western Ohio, eastern Indiana, and Kentuoky. The Lexingron
pensplain was uwplifted in severa]l stages, sccording to Femneman
(1938, p. 441, 443). The lam nse occurred in late Tertiary time,
porhapa 10 or 15 million years 2g0, and resulted in the deep tremching
of valleys.

In Logan County, sbowt 50 milez sorth of Dayton, is 2 small sren
of higher terrain which reaches s genensl altitude of more than
1,900 fost and comtaims the highest poinr (1550 &) in Ohio. This
higher ares, known to geologists ss the Ballefontaime outhier, is an
ercsions] remnant of the Harrisburg peneplain, s well-developed ser-
face ia southeasrern Ohio and adjacent States. Rocks of the Bellefon-
taine owtlier include limestons and shale of Siluriaa and Devonisn
ages, which are younger than the bedrock in the Dayton area. These
younger rocks are areally estemsive in cemtral snd eastern Ohio, =3
they formerly were in much of western Ohio.

PFRBOLACIAL (TRAYS STAGE) BDRAIYAGE

The main streams draining the Central Lowland provinee flowed
gesenally northwest ward from at least the beginning of the Lexington
cycle until the drainage was disrepted by glaciers early in the Pleisto-
ceme Epoch.  The principal pregiacial (actually late Tertiary) stream
is called the Teays River. The Teays River, which compered im size
with the pressat Ohio River, flowed from the Piedmont Platean of
Virginis and the Carolinas across West Virginia, Ohio, Indiana, and
TMincis to the Mississippi embayment. Tt entered Ohio at a poimt
near Partemouth, flowed notth to the vicinity of Chillicothe, and themce
genenally northwest past Lomdon. Springfield, Sidmey, and St. Marys
to the Indisnm line (Stout and others, 1943, p. 32). The couree of the
Teays River lay sbout 30 miles northeast of Dayton st ils nearest
point (fig.2).

South of Chilficothe, in the ungisciated part of Ohio, the Teays
River vallay s 1142 milet wide and lies about 200-230 feet below the
hills om rither side. The valley is choked with 50 feet or more of
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Jecustrins clsy and alluvium, which forms a relatively flat floor upon
which the modera streams flow. 'I'hecmusumdgndmmuofthe
modern stresms bear little or no relation to those of the former Tesys
River.

The gradieat of the Teays Valley beiween Wheelersburg, on the
Ohio River, and s point near Lake St Marve, in Mercer County, is
about 10 inches per mile. The ailtitude of the valley floor i= given
by Stout. Ver Steeg, and Lawb (1048, p. 53) as 060 feet at Huntington.
W. Va.; 650 feet near Wheelersburg. Scioto County: 680 feet st

Pike County;: and 590 feet at Chillicothe, m Ross County.
North of Chillicothe the Teays River vulley is buried by glacial drift,
snd its couree is known omly from well records and the results of
goophysical investigations. The altitude of the buried Teays River
valley, determined by tewt drilling, ie 368 feet in the south-central part
of Madison Councy; 556 fert nesr London. in Madison County; 543
feet near Springfield. in Clark County : and 538 feet in the southern
part of Champaign Comnty, weat of 1'rbana (Neorris and Spacer, 1858,
p 218). The altitude of the buried Teays River valley near the
Indiane line is given by Scout, Ver Steeg, and Lamb (1943, p. 53) as
460 foet.

At various points slong its course in Ohio the Teays River was
joinexd by major tributaries (fig. 2). which, like the Teays River itself,
carved broad deep valleys. The tributary valleys join the Teays River
valley at accordant Jevels, and the eutire s¥atem in well graded to the
same regional base level. This stage in the peaeplemation of a region
is known as the strath stage and here marks the beginning of another
pmeplain at a Jower level thun the Lexington surface. The Jevel
represented by the bedroek floor of the Teavs River valley and its
major tribataries is called the Parker strath (Fenneman, 1938, p. 301).
In southern Ohio the Teays River valley was abandoned as & major
drainageway when the Parker erosional cycle was disrnpted at the
beginnimg of the Mieistocens Epoch. In other sreas the Tesys Stage
valleys were weed by streams of later dramage systems, some of which
flowed in opposite directions to the Teays Stage streams. Where this
occurred, the youmger streams commonly cut below (he Jevele eatab-
lished i Teays time, leaving remnants of the Parker sirath &= terraces
along the valley walls.

The major valleys im the Dayton area were established, at least in
pert, by Teays River tribwtaries. Geologists are in general agreement
om this point ; however, opinionz are sharply divided concerning the
direction of flox of these tributaries and the level to which they cut
their valleys during the Teays cycle. According to Stout, Ver Steeg,
and Lamb (1943, p. 70), the Dayton area was a headwaters area im
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Teays time and was drained by a south-flowing tributary, which they
called the Hamilton River. They wrote (1843, p. 70) that the Hamil-
ton River “guthered its headwaters south of the col {constriction in »
valley; this one ie at the site of s former divide from which streams
flowed in opposite directions] at West Milton on the present Stillwater
River, near Tudmor on the present Miami River, and above Harshman
an the present Mad River. Thestream thus formed by the convergence
of tributaries at Duyton flowed southwestward past Miamisburg * * *
Middietown * * * and Ifamilton.” The Hamiltan River, according
to these geologisty, joined with larger tributaries that turned westward
near Cincinnati and entered the Teays River somewhere in Indiam.

The altitude of the Teays tributary valley at Dayton was estimated
by Stout, Ver Steeg, and Lamb to have been ehout 714 feet. This s
approximately 175 feet higher than the Teays River valley in southern
Champaign County; however, a wide difference in altitude between
these valleys would be expected, if Dayton were part of a headwatere
nres a8 tho aforementioned geologists believed. Norris (1948, p. 148},
concurring with this interpretation, stuted that. in Montgomery County
“remnants of the Teayz valley floor occur as terraces slong the sides
of some of tht mare recent valleys at elevations ranging from 750
to 770 feet for former tributaries in the northern part of the county,
to elevations as low as 650 feet along the main siream in the southern
part of the county.”

Stout, Ver Steeg, and Lamb’s hypothesis of a south-flowing Teaye
tributary in the Dayton ares was challenged by W. J. Wayne, who
studied the buried Teays drainage system in Indiana. Wayne (1953,
p. #78-385) favared rthe view advanced by Malott (1922, p. 136-138)
snd Powke (1925, p. 87) that, prior to the formation of the Ohio
River, the Kentucky River flowed northeastward through “the old
Miami Valley” to & junction with the Teays River in northwestem
Ohio. If this is true, the principal Teays tributary in Dayton flowed
at a Jevel only slightly above that of the master siream, which crossed
the State only a few miles northeast of Dayton. The altitude of the
valley of a hypothetical north-flowing Teays tributary wonld be
about 570 feet in downtown Dayton. This figure was obtained by
assuming a gradient of shout 1 foot per mile for the tributary stream
and the likelihood that such a stream would have joined the Teays
River some 30 miles downsiream in Champaign County, where the
altitude of the Tenys River valley floor is 538 feet (Norris and Spicer,
1958, p. 218).

Neither the hypothesis of Stout, Ver Steeg, and Lamb, nor that
advanced by Wayne, Malott, and Fowke can be affirmed on the besis
of evidemce obtained in the area of this report. The generalized
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chiaracter of the bedrock contours on the geologic map (pl 1), which
are based on recorde of wells, imdicates that insuficient data are avail-
able with which to form an interpretation. The map, az it is dawn,
does show 3 wide bench or terrace in the bedrock between altitudes of
about 330 and 600 feet, ocrwrring on both sides of & much narrower
and deeper vulley. Thie terrace level may represent the floor of an
early valley, possibly of Teays age. The narrower and deeper channel
repressnts the valley of a Deep Stage stream.

The direction of flow in the Dayton area of the Teays Stage
scresuns  (sowth, as Stout, Ver Steeg, and Lamb stated, or north a9
Wayns believed) iw u matter of speculation for the time being. Stout.
Ver Steeg, and Tamb's conecept has been criticived an the baste that
the divides supposedly located at YWest Milion, Tadmoe, and near
Harshman (at the site of Hufman Dam) are caly about 25 miles
from the Teay:s River valley, and two major drainags sy=tems would
not have coeristed so close together in timilar geologic terrane at
such widely divergent levela. Moreover, these divides, if there were
sach, must have been relatively narrow, perhaps much less than a mile
wide, a3 judged from inspection of & topographic mep. It would be
indeed fortaitous, say the critics, if during the long Teays imterval
the tributaries of two major streams, the Teays River and the Hamil-
ton River, ross within a few thousand feet of each other without ane
or the other being captured by stream pirsey. And, finally, the critics
point out, maay of the bedrock valieys that refate to the so-called
Hamikon River appesar to have comtained north-flowing stresms,
rather than south-flowing streams, as postulated by Stout, Ver Steeg,
and Lamb.

In criticiam of Wayne's hypothesis. on the other hand, insofar as
the Dayton ares is concerned, the cols st Tadmor and West Milton
are much less than half a mile wide, which clearly seems too narrosr
to sccommmodate 8 major Teays tributary that Wayne saxd esxried
the drainage of the entire Kentucky River basin. The third col, at
the site of Huffman Dam, is sbout 3,000 feet wide snd could have
served as outlet for the waters of a major stream. However, 3 way
has not beem found by which such a stream could have reached the
Teays River valley in Champaiga Comty. The roate northeastward
by way of the Mad River valley is blocked by a col, which is only about
one-fourth of a mile wide near Springfisld (Norris and othess, 1962,
pl. 1). Contvol on bedrock mapping in western Clark County is s0
complete as to virtuslly rule out passage of s major north-flowing
Teays tributary, except possibly between Medway and New Carlisle.
To enter the Teays River ralley. such a stream would have had to turn
wast at Xew Carlinle and follow a circuitous routs aorthward through
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esstern Miami County and thence eastward to the Teay: River valley
in the vicinity of St. Paris in western Champaign County. Few wells
hava been drilled to bedrock in eastern Miami County, and the possi-
bility thet a buried valley having the course just described exists can-
not be ruled out. YWhat amounts vo “negative” evidence, however,
herdly seemns s sound basis for the support of & far-reaching concept
such as Wayne's.

Elements of both concepis may be correci. The Hamilton River
may have come into being at the time of uplift of the Lexington peune-
pluin and may have followed the course described by Stout, Ver Steeg,
and Lamb. Eventual reduction of the col at Huffman Dam and head-
ward erosion of a Teays teibutary originating in Champaign County
may have reversed the upper Hamilton River, which then followed
& course northward as suggested by Wayne. Whatever the truth, and
evidencs mey become available someday thwt will settle the issue,
after several million or several tens of million years, the Teays drain-
age system was completely disrupted and obliterated by the great
ice sheets of the Pleistocane Epoch.

PLEISTOOENE OLACIATION
PRE-ILIINOIAN OLAOCIER

The Teays drainage system was disrupted and r new stream sysicm
was started when an early glacier, possibly the first of the Pleistocene
Epoch, advenced soathward into the Central Lowland province.
This early glacier dammed the Teays River by filling the valley with
glacial drift, thus producing widespreed lakes in the valleys of the
Teays River and its principal tributaries. These lukez were in exist-
ence for a long time, as indicated by thick and extensive deposits of
laks clay and silt which accumulated in the valleys. The lake deposits
extend well to the north of the glacial boundary, indicating that the
gincier that dammed the Teays River did not advance ss far south
a3 did the ice of later stages. The damming may have occurred in
Ohio (Stout and others, 1948, p. 78) or in the area southwest of Ft.
Wayne, Ind. (Norris and Spicer, 1958, p. 219-225).

XINTORD SILT

Stout and Schasf (1981) named the sforementioned lake deposits
the Minford Silr, from exposures in southern Ohio. In southern
Ohio the formation attains a maximum thickness of more than
80 feet and is found at altitvdes as high as 860 feet. In and near
Madison County, in west-central Ohio, where the Teays River valley
is competely buried by glacial drift, the Minford Silt at the sites of
12 scattered test holes ranges in thickness from 18 to 264 feet {Nor-
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Jowest Jmown pamt on the bedrock is bemeath the intersection of
First and Findlsy Streets, where a well drilled for gas or oil in 1887
resched bedrock at & depth of 247 feet, or at an akitade of approxi-
mataly 500 fesr. Only fragmentary data are available relative to the
altitude of the floar of the buried Deep Stage valler south of Dayton.
At Venice (Ross Past Office), T miles south of Hamilton, the altitnde
of the buried valley floor is 864 feet. If the altitude at Venice and
the altitede of 300 feel determined at First and Findisy Streets in
Duyton are the minimum for theair respective locations, the Deep Stage
valley between thess poinrs, 45 miles apart, has a gradient of sbost
3 feet per mile. Thim i= about the same a5 the gradient of the Miami
River valley betweea Dayion and the Ohio River. If the 3
of the bedrock floor of the buried valley ia about 3 feet per mile, ths
test hale at the comaty-owned well field near the mosth of Holes Creek
evidantly wus not in the derpest part of the channel in that ares but
bottomer on bedrock on ihe side of the valley, some 10 or 15 feet above
the lowest point.

The shape of the lateral profile of the bedrock valley underiying
Dayioa cannot accurately be determined from availsble dats. The
shape of the valley can be inferred in & general way, however, from
what is known about the Deep Stage cycle and the geameury of normat
eream dovelopment. Deep Stage streams did not attaim a greded
condition and were still incising their valleys whem the cycle ended.
Ths lower part of the principal buried valley st Dayton—that dus
to Desp Stage cetting—can be asamed, therefore, to have & V-ghaped
crom ssction. The sides of the V are ssymmaatricsl, and the slope
at any point depends om (he relstion of the valley to the mennders
of the former streum. Typically, s valley is steeper am the outeide
than on the inside of 3 meander. Additional generalizations comeern-
ing the valley profile are not warranted, owing both to the wmcer-
taimtios regarding the Teays Stage level and to the scarcity of well
vecords thst reveal the depth to bedrock in the Dayiom area. The
minimam altitude of the bedrock floor of the buried valley in the
greater part of downtown Dayton is at or a little below 500 feet. The
depth to bedrock at any point in that srea therefore approaches 250

feet as a maximum.
ILLINOCAN AND WISOOWAIE SLACIRRS
'ﬂnhepShgednimgeMmendedhvthaulmofﬂn
IThnoian ios sheet. Ice of the Illinocian and Wisconsin sheets advanced
mto and beyond the Dayton srea, deranged the drainage Jines, filled
most of the valleys, some to the point of oberwrity, and Jeft the
taxrain with its present appearance.



SPECIALIZED INVESTIGATIONAL TECHNIQUES 7

The bedrock contours on the geologic map (pl. 1) show the con-
figuration of the buried channels produced by the Teays and Deep
Stage streams. Four Deep Stage tributaries to the ancestral Miami
River came togsther in what is now downtown Dayton and formed
a wide deep trough, which glucial-outwash maierials later filled.

SPECIALIZRD INKVESTIGATIONAL TECENIQUES

The widespread presence of relatively impermenable lxyers of till
in the sand and gravel aquifers necessitated the development of criteris
for their recognition as well as the use of specialized techniques,
some of which are not widely understood and warrant discassion here.

The pronounced eflfects of interbedded till layers on the water-
yielding properties of the valley-train deposits, and consequently the
consideration that must be made of these layers when wells are locuted
and when aquifers are artificially recharged, require that till and other
relatively impermeable deposits be identified during drilling and that
these deposits be traced luterally from well to well

Drillers commonly report till in well logs a8 “hardpan™ or “blue
clry™ (the second term refers to unweathered material; oxidized till
is called “brown clay”) and sometimes as “clay and stones™ or “clay
and gravel.” TUnfortunately, drillers often find it difficult to distin-
guish between till deposits, many of which may contain numerous
stones and rock fragments in the clay matrix, and so-called “dirty™
sand end gravel, which containg much silt and clay. Moreaver, the
driller’s interpreiation of the material in which he is drilling may be
aflected by the sharpness of the bit, the depth of the hole, and the
amount of water in the hole. Thus, the accuracy of well logs varies
considerably, and the logs of several closely spaced wells may suggest
as many different interpretations of the sequence of deposits as there
are records. Of course, glacial deposits commonly do change both
Interally and vertically over short distances, further complicating the
interpretation of drillers’ logs. Several methods of identifying till
layers are described in the next four sections.

STATIC WATER-LEVEL CHAXCRES

One of the greatest aids to the ground-water geologist in determin-
ing the hydrologic properties of the valley-fill deposits, and m identi-
fying areally extensive till layers, is a record of changes in water level
msde while a well is being deepened. In areas of large ground-water
withdrawal, the hydrostaric head in an aquifer overlying a till layer
may be several feet higher than the head in a similar aquifer imme-
distely below the till layer. Where this condition occurs the water
level in s well being drilled usually changes abruptly when the casing
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is driven through the interveningtill into the lower aquifer. Anillos-
trative example is shown by the records of several test wells (329-333)
drilled in 1851 sz the McCall Corp. plant in the west-cenrral part of
Dayton. Here abrupt changes in water level of az much as 90 feet
are reporred im wells drilled through a till layer at depths beiween
about 75 and 105 fet. Uafortunately, thess are the anly available
exnmples of such s striking change in water Jevels, since few drillers
bother to note Lhess changes as they deepen & well.

BLEBCTRIC (CAMMA-RAY) LOCCING

By far the best msthod of determining the ssquencs of beds in the
valley-fill deposits and of tracing till layers lsterally from well to
well is by electric logging of welln, expecially gamma-ray logging,
which can be done i cased wells. Flectric-logging equipment was not
sveilable for use in this investigation ; however, a few gamma-ray logs,
which were very belpful in the geclogic interpretation, were furnished
by Mr. D. J. Roe of Vandalia, Ohio. Because of the wesfulness of
gemma-ny logging in water-resources investigations of glacial ter-
rane, 8 brisf description of the mechod is eppropriate here.

Ganmes-ray logwing techniques are based on the fact that all rocks
coatain radicactive materials, which emit gamma rays. Generally
speaking, limestone and dolomite are much less radioactive than shale,
silt, and clay. Glacial 4ll, which in the Daytom ares is composed
chiefly of clay, is therefore moch more radiosctive than the associsted
mnd and gravel, which is comwposed largely of limestone and dolamite
fragmenta An electrical probe semsitive to gunms-ray emission is
lowered in a well. The probe is connected through a cable to a device
at the surface that records a carve or log showing the radicactivity,
and by interpretation the geolagic characteristics, of the formstions
penetrated by the well. Tilli are usually distiagunishable from sand
and gravel on the gamma-ray Jogs, and the correlation of formations
with similar formations in nearby wells caa be made with far more
comnfidence than by the use of drillers’ loge alone.

Figure 4 shows a represenative gamma-ray log, made by Mr. Roe,
of a test hole drilled at the site of production well 609, at the Frigidaire
Division plant at Morasine City. A geologic interpretation of the
gamma-ray log aleo is shown. On the basis of the gamme-ray log, well
009 was sereened at depths of 92-108 feet and 134-150 feet. On test the
well was pumped st the rate of 2,000 gpm and a drawdown of only 9
feet resmited, which indicates an exceptionally good eapacity. Awail-
ability of mose gammna-ray logs would have been very helpful to the
authors during this investigation.
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FmouRs +.—Reprmentative gamma-ray flog and geologic 1oterpretation of uncased
teut hole, drilled at the Frigiduire Division plant at Morzine City.

TEMPERATURS-DEPTH RELATIONS

A promising method for identifying interbedded till layers in the
Dayton ares is that of plotting water-temperature changes in wells at
various depths and relating the shape of the resulting temperature-
gradient. curve to the local geology. Where the circulation of ground
water ia relatively rapid, such as near large centers of pumping or
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sources of recharge, differences in temperatare of water in aquifers
that are separsied, or partly ssparuted, by till may be large enough to
be detected by sensitive, thermistor-type tharmometers. The basis of
the method is most eesily explained by considering examples of temper-
ature gradients to be expected in hypothetical wells drilled under three
idealized sets of flow comditions. The explanation is further simplified
by specifying that the temperstare of the water infikrating from a
source stream is higher thaa the tempersture of the water in the
equifer. In Ohio this condition commonly ococurs in late spring and
sumner.

The firet of the three hypothstical flow tystemas considered is that
cocurring m s homogeneous heavily pumped sand and gravel aquifer
traverwed by an infikrating siveam. The temperature of the water in
a fully penetrating observation well drilled between the source stream
and the well being pumped will decline steadily fram the top of the
aquifer to the bottom. A piot of water temperature related to depth
yialds a straight line, as is indicated by the sccompanying graph
(Gg-84). This is the simplest of the three hypothetical flow systems.

Consider next an otherwise homogensous aquifer in which o hari-
sontal Iswer of tiil of small areal extent occurs (fig. 38). situated with
Tespect to 8 large center of pamping so that some water enters the
pomped wells sfter leaking vertionlly downward through the #ll,
while the remainder of the water flows around the till Jayer and enters
the wells by a more cireamitous route. TUnder thess comditioms the
tamperature gradient in the cbesrvetion well (fig. 58) will be ap-
proximately linear both above and below the till. However, s the
disgram shows, that part of the line represeating temperaiures below
the till will be dispisced, relazive to the tempersture-gradient Line
abowe the till, in the direction of lower tempersture. The position of
the till layer in this idealized flow system i indicated by & pronounced
“blip” om the tempersture-gradient line, caused by the colder water i»
the till.

The third kypothetical flow system considered is that of two aquifers
hydraslicly separated by a laterally extensive till Jayer, through which
all recharge to the deeper aquifer mux pass (fig. 3C). Under these
conditions that part of the temperatnre-gradient line depicting tem-
peratures beneath the till will be displaced relative to that above the
till by the colder water im the till and in the lower aquifer. However,
walike conditions shown in the second example (fig. 55), the tempera-
ture of the water benesth the completely separating till layer will be
no higher than theat of the water in the tifl. Thus the temperature m
the cbeervation well will always decline with depth. but the rate of
decline will increase significantly in the till.
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teniperature-gradisnt curves resulting from infiltration of warm water loto
relatively eool aquifer under various geologic eonditions.

The method of using temperature gradients in walls to identify
hydrologic conditions has been tried at only one place in the Dayton
area, at the Frank M. Tait Station of the Dayton Power & Light Co. in
south Dayton. Temperatures were measured in two 2-inch observa-
tion wells (580 and 531) drilled in a well field yielding approximately
5 mgd at the time the measurements were made, in June 1957. At
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this time the water m the Miami River was appreciably warmer than
the groend warter, s condition sivailer to that specified im the discussion
of the hypolhtical flow systesw. The tempersture gradients in the
two cbearvation wells at the Tait Station indicate that disconiinuous
layers of till mrerbedded with the valley-train deposiis are present
there. (See fig. ) This .aterpretation iz borne out by other geo-
logic and hydraulic evidance, described in the section “Character of
the Valley-Fill Deposits™ and elsewhere in thiz report.

The temperature-gradient method deserves further testing and reo-
finenent under a wide variety of hydrologic conditions and al20 in
representaiive wells measured repeatedly during vurious seasoms of
the year. Tbogmmgmofhxgb]ysznsmn. relstively inexpensive
thermistor-type thermometers should rezult im repid advancement of
what may become a very nseful hydrologic technique.

SRASONAL TEMPERATURE CRAFGES

Another method of determining from water-temperature dsts the
presence or absance of semicomafining beds ix based on annual tem-
persture flactnetions im wells. Tf two wells drilled in 2 homogeneons
and isotropic squifer and located at equal distancea from a source
stream receive replenishment principalty from the stream, the tempera-
ture of the water pumaped from the wells will vary with seasonal
changes in stream temperature. Graphn relating tempersture of water
frose wells and from streams to me will eech have the sams general
shape. Ths amplitede of the fluctuations of well-water temperature
will not be a2 great a3 that of the stream temperature, and the 3easonsl
kigh and Jow temperatures of the ground water will lag behind those
of the wream.  If the two wells sre of unequal depth, differemces in
amsplitude of the temperature fluctestions and im time of arrival of
seasomal highs and lows from the source stream will be appareat. but
the ourves will have the ssme geaeral shape unieas the inequalities of
depth are very grest.

The presence in the water-bearing deposits of s semiconfiaing bed
through which the water must leak, or arcumd which water mest
flow to resch the wells, will change the shape of ihe ground-water
temperature curve. 1f at the site of one well the flow of grownd
water i* impeded by a semiconfining bed, the snnusl-temnperstare
graph for that well will be differemt from the annusl-tesnperature
greph for another well where there is no semiconfining beds. The
ssmiconfiniag bed will, in gemeral, dampen the seasonal tempersture
fluctuations, and a relstively flat cwrve will resuit. Diffarences
the sanml tempeeature gruphe camved by semiconfining beds were
recorded in two wells at the Tait Station of the Dayton Power & Light
Co. (fig. 7).
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CHARACTER OF THE VALLEY-FILL DEPOSITS

The wide valleys at Dayton, which were cut deeply into the bedrock
by streams of the Teays and Deep Stage drainage systems, were filled
during the ensuing glacial etages principally with sand and gravel,
laid down as valley train by melt water, and with till which occurs
as lenses and luyers interbedded with the sand and gravel deposits.
Though constituting a relatively small part of the valley-fill deposits,
the till is a major hydranlical factor because it slows recharge to the
deeper wells.

Giacial ioe melts unevenly and at verying rates. Moreover, periods
of melting commonly are intorspersed with intervals of relative cold
during which giaciers may temporarily resume their growth. The
valley-traim deposits were laid down under variable conditions, and
although at a distance they seem generrlly uniform, alternate layers
of silt, aand, and gravel, representing s wide range of grain sizes, are
vigible up closs. Layers of coarse gravel may be sharply bounded
above and below by beds of markedly finer material, and, in many
places, beds of coarse gravel may grade laterally into finer material
over comparsatively short distances.

Goldthwait (1959, p. 208) described as follows the way in which
a typical valley-train deposit is formed:

Wheraver o glacler ends in a region which slnpes awry from the ice, the
wuters which issme from one or more tuanels in the ice edge head down the near-
2t vulley lowland. Many mfllton gallons are produced on warmest days. Coming
frowm the basal ice, the wabter is milky with the roek fiour of giacial till apd it
has a full bed load af send and gravel. 1In faet, more tons of particles are fed into
the stream at the glacier than ever reach the lake nr sem, 80 there must be con-
stant sddition to the surface or the plain. Sume load in dropiped on each bar
thus Alling uwp the shallow channel and cavsing the water to apill over to the
right or left and start an additional channel All glacial outwash rivers be-
cume breided by dividing loto many channeis each ten to 100 feet wide and one
te tem feet fecep. The water ruos nearly flush with the surface. Most of the
coarsest cobble part of the Inad gets left on the first few upetream bary, but
in thelr pigec the water gathers wome smaller Pebbles aiready there * * ¢
When one side of the valley plsin Willds ten to 20 feet higher, the brajded eur-
rents shitt to the low side of the valley. The resulting “ralley-train” is smnoth
with only minor little scarps (five to 20 ft.) and sbandoued chanpels. * ¢ *
This was the scene in most south-fowing vallers in Obio as the ice retreated.

The events that Goldthwait describe were repeated several times
in the Dayton area, at least once during each of the major glacial
stages and substages. Each time the glaciers melted, the principal
valleya were partly filled with sand and gravel, and during each of
the lang interglucial intervals—each lasting several tens of thousands
of years—sireams similar to those that now occupy these valleys began
their slow work of erosion and removal of the deposits over which
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they flowed. During the lomg intervsl between the Ilimcian and
Wisconsin giscial stages, which msy have lasted more than 100,000
years (Goldthwait, in Norris and others, 1948, p. 38; Rubin, 1960,
P £80). mosl of the material deposited by the Tlhncian and earfier
giaciers probably was removed from the bedrock valleys by stream

With the onset of the Wisconsin glicial sdvance, conditions that
had prevuiled during the preceding interglacinl interval changed.
Emdmuﬂnbvmdnnnmm,nmdnmﬂdar
stopped flowing altogether, and their place was taken evemtunally by
tongues

d:u,'hnhmndmhnxdm.dmddn-mwe
mass. These ice tongues, or valley glaciers, are mginly respomsible
fwthoa:tmuc_iepmﬂso{nnlh-tmrnmiymywhnemtk

aes from about 11 to 50 fest { Norria, 1950, p. 3).

Drillers’ Jogs, gamma-ray logs of wells, and waterlevel dats show
that coaditions similsr to those at Rohrers Islaad prevail generally
in the major river valleys of the Nayton ares. The talley-train de-
posita, in most places, are separated into an upper aquifer and a
lower aquifier. Section 4-4° (pL 3), extending slong the middle
of the Miami River valley from the mouth of Holes Creek north-
ward to north Dayton aad thenee up the Mad River valley to Huoff-
man Dam, aad sections B-8°. C-C’, D-D’,and D-7)" (pl. 8), extend-
ing scross the valley, show clearly a zone 2s much as 80 feet thick,
predomimantly of till, interbedded with sand and gravel deposits.
{See pl. 1 for looation of geologic sections.) In places, this till-rich
zone is made up of well-defined areally extensive 111l sheets ; alsewhere
it consists of memerous lenses and irregular masees of till growped
closely together at sppraximstely the 2ame altitude. The till is
mote irregular in dietribution near the sides of the valleys than in
the central part.

Tu amall areas, notably in the Mad River valley immediately below
Eastwood Park, the till either is absent from the sand and gravel de-
pusits or consiets only of a few scatiered lemses. Elsswhere, there are
small opening® in otherwise extensive till sheets; these probably repre-
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sent stream channels cut through the till when it was exposed at the
surface. These openings or channels are indicated by the absence of
till in one or tto records of several closely spuced wells,

The upper surface of the till-rich zone lies generally 30-50 feet below
the land surface iu downtown Dayton. The base of the zone, which
is moch more irregular than the upper surface, ranges from about 60
to 125 feet below land surface. These levels are sumewhat arbitrary,
ag the sand and gravel deposits both above and below the till-rich zone
contain acattered lenses and masses of till that inake it difficult in places
to correlate the deposits from well to well.

Locally in the Miami River valley in central and northern Dayton,
and more extensively in the Mad River valley downstream from
Findlay Street, the till-rich zone vonsists of iwo till layers, separated
by several feet of sand und gravel. The upper till layer generally is
thinner and less extensive than the lower till layer, Athough Jocally
the intervening sand and gravel constitutes & separate aquifer, it is
herein considered part of the upper aquifer.

The sequence of late Pleistocene events described by Goldthwait
indicates that the till-rich zone end the overlying sand and gravel
probably are associated with the lute Wisconsin substage. Therefore,
the sand and gravel that underlies the till-rich zone was probably
deposited during the retreat of the early Wisconsin glacier. The early
Visconsin glacier also deposited till on or only slightly above the bed-
rock in most of the Dayton area, except in the relatively narrow Deep
Stage channels, which in a few places probably contain sand and gravel
left by e still earlier glacier.

The interval between the end of the early Wisconsin substage and
the beginning of the late Wisconsin substage was not long enough for
the streams to erode from the valleys much of the early Wisconsin
sund and gravel deposits. Thus, when the late Wisconsin ice sheet
advanced to the Dayton ares, it moved down the valleys over early
Wisconsin sand and gravel deposits of considerable thickness.

The relatively shallow till layer, which compozes part of the till-rich
zone in the Miam? River valley in certain areas in central and northern
Dayion and in the lower Mad River valley, probably was deposited
during the local readvance of the late Wisconsin glacier, described by
Goldthwait (Norris and others, 1948, p. 34). In most places these
shallower till deposits are thinner and less extensive than those associ-
ated with the main advance of the late Wisconsin glacier. The glacier
moved a relatively short distance when it readvanced, and, generally,
the ice transported less material than it did during the main advance.
However, in central Dayton the shallower till i¢ thicker and more
extensive than the lower till.
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The till-rich zone eannot be separated into an upper and a lower till
layerin iwo areas of Lhe Miami River valley: (1) central Dayton and
(2) between Daytan and 1he mouth of IToles Creek. Ilowever, the till-
rich zome in thess areas may aciually consist of two tills, one Iyimg
directly upon the other. Thix is suggested by culor changes in the till,
noted in severs] drillers’ logs. These color changes indicale not only
the usual sequence of yellow, oxidized till overlying blue, unweathered
dil, but also the presence in a few places of yellow till beneath blue
till. The latter sequence could have resulted from the deposition of
younger till on the surface of slightly older. oxidized till. However,
the yellow color of the till at the base of the till-rich zone also could
have resulted from chemioal changes caused by ths circulstiom of

grouend water.

The log of & rypical drilled well near the Miami River in the Day-
ton area shows & few feet of s0il and alluvial material ? near the
surface. Beaesth the soi] and alluviem it 30-30 feet of sand and
gravel, overlying about 30 feet of till. The till, which most drillers
would call either clay and gravel or hardpan, overlies 50 or 60 feet.
perhaps more. of sand and gravel. The lower mand and gravel stratum
aleo overlies till, and this besal till, 10-20 fees thick, overlies the shale
sod Limestone bedrock. This hypothetical and highly generalised
well jog reflects a simplified geologic section through the valley-&11
deposits.

MIAME BIVER VALLEY SOUTE OF DAYTOXY
IRETIDEN BOLAD WIIL FIELS OF BUTSONIEY OOUFNIY SANITARY DEPARTNENT

South of Dayton near the mowrh of Holes Creek, at the Montgomery
Coonty Sanitary Department well field on Dryden Road, four wells
{(M-10, M-11, M-13, M-18) penetrate deposits of till as nrach as
15 fest thick ieterbedded with the sand and gravel deposits. The
till deposits range in depth from 435 to 73 feet and probahly consist
of a group of closely spaced ienses rather than a continuous layer.
The till generally srparates the sand and gravel deposits into am
upper and s lower aquifer; however, recharge to the lower aquifer
in thie area would be expected to be relatively rapid, from water
masmes. The Drydem Road well field ie favorably located above the
Deep Stage channel, where the sand and gravel deposits are relatively
thieck. Bedrock is about 230 foet below land surface and abour 490
feot sbove sea level.

2 Allnvies comsiste chiely of mad day. and muck depesited by prasent-day sUreiEG
whes they everfiow thalr bandn
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NIAMI SRORER WERLL JIRLD O0F NONTGOMERY DOUNYY RANITARY DEPARTMINT

The Montgomery County Sanitary Department is developing a new
well field on the west side of the Miami River just below the mouth
of ITolez Creek in the Miami Shores area. In 1060 thres production
wells (M-14, M-15, and M-16) werc drilled to depths ranging from
130 to 176 feet. A till depousit sbhout 5 feet thick at a depth of about
68 feet was reported in all three well logs. This till ie correlative with
the till interbedded with the sand and gravel deposits at the nearby
Dryden Road well field.

LANNE ROAD WELL FIXLD OF XONTGOMERY O0UNIY SANITARY DXPARTINEXNY

Less than a mile northeuast of the Dryden Road well field is the
Lammse Road well field, also part of the water-supply tystem of the
Montgomery County Sanitary Department. Here till deposits of
various thicknesses are reported at depths ranging from 40 to 81 fest,
rorresponding generally to the position of the till-rich zone. The
till deposits are discontinuous; they are reported in the logs of only
five of the nine drilled wells in the ares (wells M-1 to M-9). Some
logs report “dirty gravel” at the altitude of the till-rich zone.

Above the till-rich zone the sand and gravel deposits are relatively
fine grained and ure mixed with clay, Below the till-rich zone the
deposits are ‘‘cleaner” and coarser grained, ranging from sand to
coarze gravel and boulders. The deeper sand and gravel deposits
enclose a lens of clay, the top of which is reported in the logs of
several wells at depths ranging fram about 80 to 125 feet. This clay
bed, though not reporied in all the logs, is 35 feet thick in places.
A semple taken from well M-, between depths of 91 and 126 feet,
vwang described by Mr. John Eschliman of the Ralph L. Woolpert Co.
as a very dense clay free of stones. This clay probably was deposited
in the wuters of w small lake. Though of limited extent, the clay
adversely affects the yiclds of welle at the Lamme Road well field.

The sand and gravel deposits in both the upper and the lower aqui-
fers at the Lamme Road well field contain a high proportion of fine-
grained material, which has contributed to problems of well develop-
ment and maintenance. In the 10-year life of the well field two wells
have been redrilled and all the other wells have been redeveloped.
Specific capacities of the wells originally ranged between about 40
and 85 gpm per fi. The specific capacitics of two wells were in-
creased to more than 100 gpm per ft by redrilling them and installing
longer weall screens.

Geolagic section B-B’ (pl. ¥), which is drawn ncross the Miami
River valley through the Lamme Road well field and the urea of the
Moraine plants.of the Frigidaire Division, General Motors Corp.,
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shows the generul charscter of the vulley-fill deposits. Recharge from
the upper aquifer to the lower aquifer is relatively rapid at the Lamme
Road well field, as it is at the Dryden Road well field, becanse of the
discomtinuity of the deposits in the till-rich zome.

FRIIDAIEE DIVINNSS. GZNERAL NOTORS OORP. WELL FINID

West of the Tamme Boad well field, in the viciniy of the Frigidaire
Divisiom plants, the Ull deposits of the till-rich zone are continuous
over a large area. At the Frigidsire plants all but 1 or 3 of 25 well
logs show relatively thick till within a zone whose upper surface
ranges in depth from sbowt 30 to 40 feet and whose lower surface
Tanges in depth from about 80 to 90 feet. The till in this zone ranges
in thickness fioin aboat 3 to 70 feex; the median thickness is about 30
feet. (See pl 1) lhﬁn,whnchoewudneﬂyn.ﬂdqnud
sheet, significantly reduces recharge to the lower aquifer st the Frigi-
dsire phant.

Evidence of the hydraulic separstion of the upper and lower squi-
fers is shown by differences in water level in wells open above and
thoss open below the till-rich sone. This evidence was obtained in-
directly in March 195 dwrimg repair of well 533, which was tem-
porarily taken owt of service becamee of a hole in the casing. The
well is screemed bet ween depths of 95 and 125 feet. immediately below
the till-rich zone. The hole in the well casing, which wes detected
by plant eagineers when the well began yvielding warmer wuter, was
44 feet below the land surface, at or near the top of the till-rich zome.
It vepairing the well a pleg was piaced in the casing 8 few feet below
the hole to stop flow between the upper and lower puris of the well.
The plug was left in place overnight. during which time the water
Jovel ross to 25.1 fest below the top of the casing. or £.3 feet higher
than it had been before the plag wae put in. This shows that the
water tshle in the upper aquifer was a few feet higher than the pie-
sometric surface in the lower aquifer. 'Water pumped from the lower
aquifer ac the Frigideire Division plants must either Jeak downward
through the till of the till-rich zune or flow laterally to the wells from
more distant areas where the till deposits sre discontinuons or absent.

SOTTK PAYTON
BATTOR FOWER & LIGETY 00. WEIL ITIID, FAANK M TAIT STATME .

The Frank M. Tait Statioa of the Dayton Power & Light Ca
(formerly the Miller's Ford Sta ) is just within the southern limits of
Dayton, on the south bank of a wide meander in the Miami River not
far from Carillen Park  Till, corvesponding in alsitade to the till-
rich 2ome, is reported in 10 of 12 logs of wells drilled in the vicinity of
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the Tait Station; however, there is wide variatian in the reported
depths of the till deposits and & range of 8-20 feet in their thickness.
The till-rich zone evidently consists chiefly of closely grouped, ir-
regular lenses of till, rather than a continuous and widespread sheet.
(See geologic section A-4”, pL. 8.) The logs of well 52¢ and the pre-
liminary test hole (well 607) drilled ut the same site show almost no
till at the position of the till-rich zane.

Graphs of temperature gradients measured in wells 530 and 531
provide additional evidence of local gaps in the till-rich zone. The
graphs show that some water flows through these openings in moving
from the upper to the Jower aquifer. Figure 6 shows drillers’ logs
of wells 530 und 531, beside which are plotted the respective temper-
ature-gradient curves. Except for the somewhat anomalous lower part
of the temperature-gradient curve for well 531, which suggests the
presence of an unlogged till deposit, zones of colder water closely
correspond in depth to deposits of till as logged by the driller, while
warmer water is associated with the intervening or underlying sand
and gravel deposita The temperature 1n the wells was messured in
June 1957, when the water in the stream was warmer than the ground
water. The water in the till had not been affected as much by circn-
lation of water derived from stream infiltration as had the water in
the permeable sand and gravel depoeits, indicating that much water
flowed around the till to reach the lower aquifer. Ilad all the water
entered the lower nquifer by leakage through the till it would have
been no wermer than the water in the till itself. The zones of warmer
water in well 530 rench nearly the same maximum temperatures, while
of the two warmer zones in well 331 the lower zone is much cooler than
the upper zone. This indicates that the movement of water from the
upper to the lower aquifer was taking place more rapidly in the vicinity
of well 530, where the Lill is absent Jocally, than in the vicinity of well
531, where the flow was chiefly by leakage through the till.

Despite the fact that openings occur locally in the till-rich zone at
the Tait Station, thie zone i generally effective in retarding the move-
ment of water from the upper to the lower squifer. A pumping test
made on well 524 in April 1956 showed that the till was highly effective
in hydraulically separating the upper and lower aquifers.

Annual temperature gruphs of ground water from two wells at the
Tait Station, compared to a similar graph of temperature in the Miami
River, also show that the till-rich zone is hydraulically eflective in
separating the upper and lower aquifers. The graph (fig. 7) of the
annual water temperature in well 521, which is 65 feet deep and
screened near the bottom of the upper aquifer, reveals seasonal fluctu-
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ations much like those occurring in the Miami River. In contras,
the annmal temperacare graph of water from well 524, which is 155
feet deep and screened in the lower squifer, is rearly flat. If no semi-
coafining bed existed in the area, neasona] flucteation: would be ap-

DEGREES (1) DEGREES )
susss:sesr 53 54 58 5 ST 58
P T T T T WELL 33 b 11y
EXPLANATION
Sund snd grovet Grovelly tifl or poorty
sored sand and geavel
™ Sheole

Fmuax G—Drillers’ lags aad sccompanying temsperatars grapbs of wells 300 and
51 ot the Talt Siatien of the Dayton Powee & Light Ce. Tempersture fluctn-
ations show that part of the ground water Sows arvend discoutinnens duperits
of till 1» moving from the epper to the lower aquifer.
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FizuRe 7.—Graphs of annudl temperature of water in wells at
the Tait Station of the Daytor Power & Light Co., compared
with that of the Allami River.

parent in the graph from well 524, which is much cioser to the river
than is wall 521. .

In summary, st the Tait Station of the Dayton Power & Light Co.,
the till-rich zone consists chiefly of lenses and discontinuous masses of
till. Somse wells have been drilled nearly to bedrock without cutting
sny signmificant till depositz. Recharge 1o wells screened below the till-
rich zone is by leakage through the till deposits and by the flow of
water around and between the lenses and masses of till. The ares has

77-938 O—88— o
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proved an excellent one for the development of large grommd-water

sapplies.
NATIQNAL CARR RESITIR CO.-MeCALL CORP. AREA

Geologic section C-C” (pl. 3) shows the character of the valley-fill
deposits slomg an cast-west line extending scross the Miami River
valley from the vicinity of the MeCall Corp. plant in southweat Dayton
toa point east of the National Cash Register Co. plant.

The till-rich zone in the vicinity of the McCall Corp. plant is sbout
80 foct thick and lies between the approximate depths of 75 and 105
feer. lLarge diffevences are noted berween water levels im wells open
above the t11] and in wells open below the till.

Tn five test holes (329-333) drilled at the McCall Corp. plant in
1931, the water level during drilling ranged bet-ween 33 and 40 feet
below the surface anti] the walls were deepaned below ihe till-rich
zons. When this was done the lsvel dropped sbraptly to depths rang-
ing between 50 and 38 feet. Thas, the till-rich zone ie highly effective.
hydraulicsily, in separating the valley-fill deposits into two principal
squifera.  There s evidence that the till msy comtain a lms of sand and
gravel, as indicated on the cross section.

The till-rich sone shown in geologic section ' is projected Ister-
ally across the valley largely on the basis of records of wells drilled
at the ITimes Bros. Dairy (well 321), the Dairy Division of the Kroger
Ca. (well 394), the Sanshine Biscuit Corp. (well 360), snd the Na-
tional Cash Register Co. plant. At the Senshine Biscuit Corp., for
example, wells are screemed in the lower aquifer between depths of
T8 and 113 feet, beneath a till-rich zome approximately 35 faet thick

At the Nationa] Cash Register Co. plant, which lies near the east
side of the Miami River Valley snd also near the east side of the
underlying bedrock valley, till constitutes a large part of the valley-fill
deposits. The till deposits range widely in depth and thickness, occnr-
ring maimly s irregularly distbuated lenses and masses. Nearly all
the compeny-owded wells are screened below the till; however, the
wparation of the sand and gravel depositz mto an wpper and a lower
aquifer probably is not ss clear cwt s is indicared on piate 3. Most
vecharge to the wells is by percolation hetween or wround the till
dopogits. This is shown by the fact that the water Jevel in cbservation
well Mt-3, at the northwest corner of Stewart Street and Parterson
Boulsvard, oa the east bank of the Miami River, quickly responds
to changes of stege in the nearby river as well as to variations in the
pumping rates at the plant.
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CENTRAL DAYTON

In much of the central part of Dayton the till-rich zone is composed
of two tills—an upper, relatively thick bed, and a lower, thinner bed,
separated by 20-33 feet of sand and gravel. The upper till is more
axiengive than the lower, though both can be correlated from well
to well over considerable distances. A few wells have been screened
between the ¢wo tills in what is considered, somewhat arbitrarily, to
be part of the upper aquifer.

ATTNA PAYIR CO. (WELLS 301-304)

The upper til] of the till-rich zone is sbout 25 feet thick and lies
between depths of 40 and 65 feet. The lower till is approximately
15 feet thick and lies between depths of about 85 and 110 fee¢. Thus,
the tills are separated by sbout 35 feet of sand and gravel. Both tills
correlute closely with similar till deposits at the Longworth Street
Station of the Dayton Power & Light Co., more than a third of & mile
east of the Aetna Paper Co. wells.

The Aetna Paper Co. formerly had eight wells 4042 feet deep
screened above the upper till. These wells went dry. and deeper
wells were drilled 80100 feet deep and screened between the upper
and lower tilla. Still later, the present wells were drilled through
the fower till and screened in the lower aquifer.

DAYION POWER & LIGNY 00, LONGWORYR EIREET STAITON (WELLS 53-of)

The upper till of the till-rich zone is approximately 30 feet thick
and occurs between depths of about 40 and 70 feet. The lower till
is reporied between depths of about 100 and 110 feet. These till
depoeits, which together constitute the till-rich zone, correlate closely
with similar deposits at the Aetna Paper Co. plant.

The two principa! production wells (23 and 24) at the Dayton
Power & Light Co. plant are screened in the lower aquifer between
depths of 144-172 feet and 120-135 feet, respectively. Temperature
measured in well 24, the shallower well, in June 1857, at 5-foot-depth
intervals, showed a slight, though abrupt, decrease below the depth of
110 feet, corresponding to the base of the till-rich zone.

DELCO FAODUOTS BIVINION, GENFLRAT MOTORS CORP. (WELLS S-38)

Conditions at the Delco plant are unlike those that prevail generally
in central Dayton in that here there are no well-defined till layers.
Of the logs of seven wells drilled at this site, five show till deposits of
varying thickness at depths of 40-95 feet, the approximate position of
the till-rich zone. Till is not reported in the other two well logs, which
suggests that the till-rich zone is composed either of discontinuous
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lenses or of an irregular sheet through which channels were cut before
deposition of the upper sand sad gravel aquifer.

The worth-contral downtown area, in which the Deloo plant 18
located, lies at the confluence of three buried valleyn At various
times in the Meistocene Epoch, valley glaciers conlesced in this area,
and the rock materisls that they carried were commingied to form &
complex maes of till. Likewise, when the giaciers retresied, mek
witars may have prodmced at their junction a variy of unususl
erosional and depasitionsl featuren. For exumnple, same of the well
logs at the Delco plant report deposits of fine sand of comsiderable
thicimess. In the log of well 36, fine to very fine sand i3 reported
below the depth of 128 feet, extending nearly to the bedrock surface st
the depth of 300 feet. Fine sand, often called “quicksand™ by well
drillers, i% rarely more than 1528 feet thick in the Dayton ares and
ocears mogt commanly just bensath the Gill-rich sone.

DATTON POWER & LISKY 00, TEIRD STRELT STAYION (WELIS 13-1)

Interbedded till deposits of variable thickness are reported in the
loge of wells drilled st the Third Street Station. Till occurs in the
sand and gravel deposits at depths of about 2560 feet and 80-110 feet.
Ona or two early wells were screemed between the tills, st depths of
6080 feet. but the pressa: wells are screened beneath the lower till in
the lower aquifer at depths of 113-145 feet.

YORTH DAYTON ARRA

Geologic seetions D17 and J’-D’" {pl. 8) iNustrate the charscter of
the valley-fill deposits in the northern part of Daytoa. Section D-5’
is bused om meager dats, chiefly that from wells drilled at the plants
of the Dayion Castings Co,, Premier Rubber Co., and Chrysler Air-
temp Seles Corp., bux i is pressnted to show that in this area, too, the
valley-fill deposits evidently are separated by till into an wpper and a
lower sand snd gravel squifer. similar to generslly prevailmg
conditione in the Deyton area.

EIANE RIVER WrEil FIXLD AREA

Geologic sectiom 0’-D”’ is drawn northward from the corser of
Troy and Valley Strests throogh the Miami River well field of (he
¢ity of Dayton. on the west bank of the Miami River approximately
314 miles northeast of the cemter of Deyton. Logs of wells drilled ot
tha Miami River well field clearly show the till-rich z2ome. which
separstes the sand and gravel deposits into an upper and s lower
squifer. The upper aquifer, lying immediately bemesth the sa] and
river alluviem, consists of 3049 feet of coarse aand snd gravel, mto
which the Miami River has cat s channel. Beneath the upper
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aquifer are deposits of till, reporied ip nearly all the well logs. con-
stituting a well-defined till-rich zone between depths of about 40 and
90 feet.

Beneath the till-rich zone at the Miami River well field are 50-70
feet of coarse sand and gravel. The lower sand and grave! aquifer is
generally underlain by till, which in turn overlie the shale bedrock.
Most. wells are screened between depths of about 63 nnd 130 feet, as
the vest-hole records show that in this interval the sand and gravel
deposits ere coarsest.

MAD RIVER VALLEY

Geclogice section A-A’ (pl. 3) shows that in the Mad River Valley
the till-rich xone consists of two tills, the thickest and most extensive
of which lies about 40-80 feet. below the lund surface. A minor, less
extensive till zone les a few feet below the riverbed and. in & small
area sbove the Keowee Street Bridge, constitutes a local confining bed,
similsr to that formed generally by the deeper till deposits. FElee-
where in the Mad River Valley, the upper till is represented chiefly
by scattered lenses.

KEOWEE STREEY AREA

In the Mad River Valley in the vicimity of Keowee Street, the upper
till forms a local confining hed, similar to that formed by the deeper
and more widespread till which generally separates the upper and
lower aquifers. Fvidence of this relatively shallow confining bed is
shown by the fact that water in seversl wells of the waterworks “old
main group” or “river wolls” occurs under sufficient artesian pressure
to flow. These river wells range ip depth from 80 to 88 feet and are
screened above the deeper till layer. When the wells were drilled in
1887, artesian pressure was great enough that the wells flowed 3 feet
ebove river level. Tn un early history of Dayton, Steele and others
(1889, p. 214) stated that:

During the months of July svd Aogust 1887 the board of waterworks trustees
constructed, in the bed of Mad Rives, east of Keowee Sireet, a scries of tube
wellz, 30 in number, pight Inches in diameter, and at an sverage depth of 40

feet. The water from these wells Sows of its own sccord. rising above tha topa
of the wells and abore the leval of Mad River an average height of three feet.

According to Mr. Charles Stort, well-field superintendent, some of
these old wells were opened in 1960 during the laying of s pipeline near
Keowee Street, und water still flowed from the wells after 73 years,
although under much less artesian pressure.

The artesian head producing flow in the old river wells cannot be
derived from the head in the lower aquifer, as the piezometric snrfaee
in that aquifer, shown by water-level measurcments in well C—47 at the
municipal softening plant, fluctuates between about 20 and 25 feet
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below the Jand surface. The river wells tap & local artesiaa aquifer
i which water is confined by the shallow layer of till. Till exposed
in the bed of the Mad River about 114 miles above Keowee Street and
about half a mile below Esstwood Park, near the Baltimore & Ohio
Railroad bridge. may represent the edge of the till cheet thsi forms
the confining bed in the vicinity of Keowee Strest. If 2o, the artesian
pressure in the old wells probably originares im the ares of Eastwood
Park, where the river is about 3 feet higher than it s in the vicinity
of Keowee Street.
FINBLAY STREET AREA

The valley-fill deposits in & mile-long segment of the Mad River
Vallsy centering mear the Findiay Street Bridge are worthy of special
nots relative to the availability of ground water. Near the Mad
River in much of this srea the till-rich sone evidently is sheent. This
is shown by the records of city-owmed wells C44, C43, and C46.
drilled on or near the levee on the snuth bank of the Mad River, and
the record of well 217, which is 141 fest deep, drilled at the Dayton
Raw Proof Co. The driller's report om well 317 states simply, “gravel
all the way,” which is interpreted to mean that no ill deposits were
cul

Akbough this meager evidence can bardly be called comclusive, it
olearly poinwa to the posxihility that the Findlay Stveet area may be-
come important in feture water-resowrces derelopment involving
ecither the withdrawal or the artificial recharging of Jarge quantities
of ground water. If the till-rich none is abaent over a sizable patt of
this mile-lomg srea, water can percolate from the sarface to the desper
parts of the aquifer much more readily than at moat other places
in the Dayton axrea. The presence of numerces gruvel pits from
which, as from the Mad River, infiltration can originate makes the ares
doubly stiructive as & possibility for large-scale waler-resources
development.

BONRERS WSLAND ARRS

Test drilling on and nesr Rohrers Island was begun in 1928, and
simce that ttme the Dayiom municipal water department has drilled
scoves of test boles and production wells. About 1946, Mr. W. W,
Morehouse, then director of the Dayton Water Department, estimated
the number of test holes and wells drilled om Rohrers Istand at more
than 400. Simce 1948 severul additional teet holes and production
walls have been drilled on or pear the island.

Judging from the large number of drill-hale records avsilable, one
might assume that the character of the valley-Al] deposits in the
Rohress Island ares is known in grest detail. This is indeed troe

compured to our kmowledge of the deposits in many other areas of
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comparable size in the Miami River and Mad River valleys. Sig-
nificant gaps in our knowledge remain, however, becanse most of the
wells and test holea drilled on and near Rohrere Tsland were relatively
shullow and did pot penetrate into the lower aquifer. Moreover,
nezrly all the drilling was concentrated in & few small areas near the
river, leaving untested relatively large areas between the Mad River
and theedges of the valley. Also, many of the drillers’ logs are sketchy
and inadequately describe the formetions. Despite these deficiencies,
there remains a weslth of mformation on which to base a description
of the valley-fill deposits in the Rohrers Island aresa.

In that part of the Mad River valley extending from the vicinity of
Huffman Dam down at least as far as Tates Hill, the velley-fill depos-
its are effectively separated by a till-rich zone inte an upper and
a lower aquifer, typical of conditions generally in the Dayton area.
(See geologic section A-A’, pl. 8.) This fact has been recognized
by waterworks officials for many years. Indeed, it is probable that
the aforementioned area wus the first in which the separation of the
sand and grevel deposits into an upper and 2 lower aquifer was con-
sidered as a factor in well development. The water in the lower
aquifer was known to he harder and higher in iron content than the
water in the upper aquifer, and before Dayton had a municipal water-
treatment plant few wells were drilled to the lower aquifer and these
were seldom pamped. After 1953, when Dayton built a treatment
plant, more wells were drilled in the lower aquifer near Rohrers
Island and these bocame major eources of supply. The drilling of
the deeper wells also yielded much valuable information on the char-
acter of the valley-fill deposits.

In the vicinity of Rohrers Island the upper aquifer is about 85 feet
thick and the lower, about 50 feet thick. The till-rich zone which
separates the agnifers ranges in thickness from ahout 11 to 50 feet
{Norrig, 1959, p. 3: Norrisand others, 1948, p. 52). The upper aquifer
contains interbedded lenses of till in the vicinity of Rohrers Ysland.
Farther downstream, between Harshman Rond and Tates Hill, the
shallow till deposits can be correlated from well to well and evidently
constitute & widespread, nearly continuous sheet lying 20-3C¢ feet
below the land surface. The ti!l sheet that forms the shallow con-
fining bed in the vicinity of Keowee Street iz no doubt correlative
with the shallow till deposits at Rohrers Island.

At Rohrers Tsland the shallow till deposits impede recharge from
the Mad River to wells drilled in the upper aquifer. The wells of
highest specific capacity are located in areas where these till deposits
are thin or absent (fig. 8).
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HYDRAULIC PROTERTIES OF THE VALLEY-FILL
DEPOSITS

The functioning of the natural hydrsulic system, of which the
valley-fill deposits are a principal component, is basically simple.
Partly filling the preglacial bedrock valley Lhai passes through the
heart of Dayton is some 150-230 feet of glacial deposits, consisting
chiefly of sand and gravel, over which the Miami River and its tribu-
taries flow. Below the depth of & few feet the sand and gravel gen-
erally are saturated, and wells drilled mto these permeable deposits
Field large guantities of water. As water is pumped from storage
in the deposits it is replenished principally by imfiltration through
riverbeds. Some recharge is derived also from rainfall that enters
ths ground in the vicinity of the pumped wells, and from ground water
diverted to the wells by interception or capture of its natural flow
from the uplands into the streams.

Although simple in principle, the mechanics of this hydraulic sys-
tem are complicated in detail. Differences in permeability of the sand
and gravel deposits from place to place both laterally and vertically,
and variations in streamflow and in the rate of stream infiltration, as
well as the distribution of pumpage, are among the factors that must
be considered in evaloating the ground-water resources.

Of considerable importance too are the effects of the till-rich zone,
which generally separates the valley-fill depasits into sn upper and
& lower aquifer and impedes recharge to the lower aquifer, in which
nearly all the wells are screened. The till-rich zone confines water
in the lower aquifer under artesian pressure. In the upper aquifer
the water generally is not under pressure but occurs under water-table
conditions.

ABRTESIAN AND WATER-TABLE CONDITION®

The upper aquifer is similar to a surface reservoir zuch as a lake,
and the water table or upper surface of the saturated part of the
aquifer is analogous to the waier surface in the lake. In the lower
(artesian) aquifer no true water table or free surface exists. How-
ever, the levels to which water will rice above the semiconfining bed
in tightly cased wells form an imaginary, piezometric (pressure-
indicating) surface, which in a sense is analogous to the water table
in the upper, unconfined aquifer.

When & well is pumped, the water level is drawn down in the well
and in a cone-shaped area of the aquifer around the well. If the
aquifer is homogeneous and of large areal extent, warer flows to the
well fram &ll directions in response to the hydraulic gradients created
by pumping. If the well is drilled in an unconfined aquifer, water
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flows townrd the well by gravity and drains from storage as the come
of influence spreads. Dewatering the aquifer slows the effects of
pumping, and the drawdown that occurs within any specified time
s smaller thaa it would have been had little or no stored water been
aviilable. When s well in an artesian aquifer is pumped the aquifer
is mot drained by gravity, except perhaps in the immediate vicimity
of the well if the water level it drawn below the upper confiming bed
As anly s little waber is made available from storage, by elasiic com-
pression of the squifer and expamsion of the waier, the cone of influ-
encs must extond over & greater uread to induce the amount of water
being purnped to flow into the well, and the effectz of pumping are
3 transmitted from ome part of the aquifer to another.
Consider the effects of pumping esch of two identical wells screened
in sand and gravel depotits having permesbilitios snd thicknesses
typical of such deposits in the Daytom area. Owur hypothetieal aqui-
fers are of large areal extent snd differ only in that ome is an artesian
squifer, in which water is under pressure, and the other is an wacon-
fined squifer, in which water-tsble canditions prevail (that i, the
waler s under stmnspheric. presnre only). Assume that each well
is pumped at 1,000 gpm for a period of 1 day, dering which time the
wells receive no replenishment from any sourcs. Uader these condi-
tions, the drawdown at the end of the punping period in cheervetion
wells located 300 feet from each of the pumped wells would be about
1 foot in the unconfined, water-table squifer and abowt 7 feet in the
artesian aquifer. A drawdown of 1 foot, such as would have oc-
curred 800 feet from the well being pumped in the water-table aqui-
fer, would occur about 114 miles from the well being pumped in the
APFROTS OF INTERREDDED TILL BENPOSITS
The till-rich some that generally confines water in the lower aquifer
in the Duytom area is an imperfect comfining bed Water will leak
through the till as soon as s difference is established between water
lovels in the upper and lower squifers. Recharge by leakage into
the lower aquifers esually begins soon sfter pumping siarts. slowing
the rate of drawdown in thia aquifer and eventually stopping it ea-
tively. Obesrvaiions have shown that recharge from lenkage through
the eonfining bed may begin to take effect at any time from s few
minutes to several hours afier pumping starts in the lower aquifer.
The till-rich sons is sbeent locally in the Daytom ares, and in thess
sress there is actuslly omly obe squifer and water-table comditions
preveil. Tn other places the till-rich z0ne comsists of discontimwous
Iaysrs and leases of till which imperfectly separste the sand and
grsvel deposita into two aquifers. When wells in the lower aquifer
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ere pumped in such aress, they may respond initinlly as though
srtesian conditions prevailed and then the response changes very
quickly to water-table characteristics as flow becomes establiched be-
tween and around the tifl masses. The effect is the same as though
the Jower aquifer were ideally artesian and the rate of leakage through
the confining bed were very high.

Conditions in the upper aguifer, where water-table conditions gen-
erally prevail, also are far from ideal. Because of the horizontal
layering of the deposits, and the local presence of interbedded till
deposits, the permeability messured parallel to the bedding is gen-
eraily much higher tlan the permeability measured normal to the
bedding. As a result, the aquifer exhibits artesian properties to
some extent, and the water leve]l in 8 well being pumped responds
initially as it would in an artesian aquifer. However, as the cone
of influence grows, vertical drainage of the saturated sediments be-
comes a grester factor in sustaining the yield of the well, and water-
table conditions are eventurlly esiablished.

In o few places in the Dayton ares, especially those in which little
or no ground water is pumped, the water table in the upper aquifer
18 within a few feet of the land surface, in the zone of soil and allu-
vinm. The surficial deposits in this zone are relatively impermeable
and in places may act as an imperfect confining bed, producing Jocul
semiartesian conditions in the upper aquifer.

The recogrition of and distinction between artesian and water-table
conditions are of major concern to those engaged in pumping-test
analysis in the Dayton area. Pumping tests are being used more and
more by hydrologists end by some well drillers to determine the char-
acteristics of aquifers, sources of recharge, and yields and proper
spacing of wells. Howerver, the difference between artesian and water-
table conditions is much less & factor in determining the yield of wells
drilled in the valley-fill deposits than are variations in permeability
and thickness of the aquifers, choice of well screens, and degree of
development of the wells. Moreover, yield is determined to a greater
extent by the location of wells relative to sources of recharge than by
all the aforementioned factors. Wells screened in the upper aquifer
will yield much more water per wnit of drawdown if they are close
to an infiltrating stream than if they are some distance from the stream,
other factors being equal. Wells drilled in the lower aquifer will yield
most in areas where the rate of leakuge through the confining bed is
highest for a given head differential. The ideal place to drill welle in
the Dryton ares, for largest yiclds, is as close as practicable to a Jarge
infiltrating stream, in an area where the till-rich zone is absent or
ineffective as a confining bed and where, as a consequence, there is
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virtwally ane sand and gravel aquifer extending from river lovel down-
wanrd {0 the bedrock surface. A further requiremnent would be to drill

ths wells where ground-water Jevels have not been appreciably lowered
by pumping.
TRANINISKION AND STORAGE CHARACTERISTICE

Properties of the valley-fill deposits ensbling them to act as a storage
reservair and to transwmit water to punped wells under various hy-
draslic gradiests rank @ importance noxt to the availability of re-
charge in determining the magnitude of ground-water supplies in the
Dayton srea. The amownt of water taken into or released from suorage
is important becanse it usually sets limits on rate of withdrawal be-
tweea periods of replenishment. The permeability and the saturated
thickness of the deposits (the product of thess i3 called the transmis-
sibility) logether determine the rates at which water will move in the
aquifers under various hydraulic gradients.

The specific yield of an aquifer is the ratio, usually expressed as a

of the volume of water that will drain by gravity from the
matsrial to the toral volume of the saturated material. For sand and
geavel deposita the specific yield commonly ranges from 10 to 25 per-
cmt, the exact figure depending partly npon the length of time the
sediments are allowed to drsin. If a specific yield of 20 percent is
essumed for the valley-fill deposits st Dayton, then un estumated 114
gelloms of water would drain from each cubic foot of the material
during dewatering. The valley-6ll deporits underlying an area of 1
square mile—roughly the size of Dayton’s downtown distric—would
thas yield from storage nearly 42 million galions of water if the water
table were lowered an sverage of 1 foot over the emtire ares. Obvi-
ously, a very large qmanticty of water is in storage in the valley-fill
deposits.

A commonly wsed messure, or coeflicient, of permeability is defined
as the nuwmber of gallons that will flow in 1 day through a 1-foot-square
vertical section of an aquifer sader a hydraulic gradieat of 1 foot per
foot ; that is, under a vertical drop in water level of 1 foot for each
foot of horizontal flow. The cneficient of permeability of a typical
elay or ti]l may be 0.1 gpd per sq ft or lens, whereas that of 2 well-sorted
snd and gravel may he 2,500 gpd per oq ft or more. As computed
from pamping testa, the coeffcient of permeability of the saad and
gravel deposits in the Duyton area typically ranges between about
1,000 and 3,000 gpd per oq ft. The coefficient of permeability of the
till-rich sone in the vicinity of Rohrevs Tsland ranges between 0.03 and

0.13 gpd per aq ft (Norris, 1959, p. 13).
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The rate of flow of ground water is governed not. only by the perme-
sbility of the aquifer but also by the thicknese; the thicker the aquifer,
the greater the quantity of water it wil) transmit in s specified time
under a given hydraulic gradient. The product of the coefficient of
permeability of an aquifer and the thickness is termed the coeficient
of transmissibility and is nzually expressed as the number of gallons
of water that will flow in 1 day through a 1-foot-wide vertical strip
whose height equals the full saturated thickness of the aquifer, under
a hydraulic gradient of 1 fool per foot. A sand and gravel deposit
whose coefficient of permenbility is 2,000 gpd per sq ft and whoee
satnrated thickness is 50 feet would thus have u coefficient of trunsmis-
sibility of 100,000 gpd per ft (2,000 gpd per sq ft X 50 ft). The
coefficient of transmissibility iz 8 more useful term in describing the
water-yielding properties of an squifer than is the permeability alone.
The coefficient of transmissibility of the valley-fill deposits, as deter-
mined from pumping tests, ranges from 135,000 gpd per fi for the
lower aquifer in the vicinity of Rohrers Island to about 250,000 gpd
per ft for the lower aquifer in the vicinity of the Tait Station of the
Duyton Power & Light Co., m south Dayton.

In areas where the till-rich zone is absent, the transmissibility may
be as much as 600,000 gpd per ft, although a valuse this high bas not
been computed from an squifer test during this mvestigation. Such
a high vaiune ie theoretically posaible, however, as & coefficient of per-
meshility of 3,000 gpd per sq £t has bean camputed for glacial outwash
gravels gimilar to those in the Dayton area. Where such deposits
sre 200 feet thick, the transmissibility would be 600,000 gpd per ft.
A maximum tranasmissibility of 500,000 gpd per ft for the valley-
train deposits in the Dayton ares is more likely, however, since these
deposits probably do not have a uniformn permeability of 3,000 gpd
per 8q ft through their entire thickness,

YINLDS OF WELLS

Typical industrial, commercial, and municipal wells drilled in the
valley-fill deposits in the Dayton ares range in depth between 60 and
200 feet and yield 100-8,000 gpm. The largest recorded yield is 4,500
gpm, from a 90-foot well {(C-29) drilled by the Dayton Water Depart-
ment on Rohrers Island. Most of the municipal wells tapping the
upper sand and gravel aquifer on and near Rohrers Island yield 1,500-
2,500 gpm frora depths of abont 65-90 feet. In the same area 10 deeper
wells (C-1—C-8, and C-32—C-35) screened in the lower aquifer yield
2,000 gpm each; the tota] yield of these wells is about 15 mgd.

Typical industrial wells, such as those at the Frigidaire Division
plant at Moraine City, yield 500-2,000 gpm and range in depth
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from 110 to 150 fest. Well 524, which is 155 fret deep and is located
at the Tait Station of the Dayton Power & Light Co., in sonthern
Dayion, yielded 3.000 gpm during a pumping test.

To help convey a betisr understanding of the sagmificance of various
cosficients of transmimibility and ocher messurements nsed to evaluate
the water-yielding properties of aquifers. figures 9-11 are provided.
These grapha show the yields of idealized aquifers of three vypes:
thoss recsiving no recharge, those receiring recharge from s line source.
and thoss receiving recharge by leakage throngh a alightly permesble
oconfining bed.

The drawdown-yield graph (fig. 9) for a 12-inch well shows the
theoretics] relationship belween yield and drawdown in ideal aquifers
of vurious transmisibilities when the well is pumped steadily for 1
day. The drawdowns om the graph are those that would occur if the
aquifess were homogemeous and of infinite areal extant, if the water
pumped wereall from storage, and if the well were 100 percent eficient.

{ 4 |

ORAWDLIWN, IN FTEY
[ ]

™ | em o Ko 20 GPn
= 0 10 25 wmae

PUMMING RATE

Fasoms §.—Thesyetical reiaticaship betwern pumping rase and drawdewn afker
1 day of pamping 2 12-inch-diameter wel tapping a0 lnfinite aquifer veceiving
ue recharge. Tacselicient of trassminbility. in gsfiecx per day per fool
Swesslicient of storage



HYDRATLIC PROPEATIES OF THE VALLEY-FILL DEPOSITS 55

As the aquifers are assumed to be of infinite extent, no boundary effects
are shown.

The graph is intended to convey & general ides of the significance
of varions coeflicients of transmissibility. Xf it were used to determine
the transmissibility of a sand and gravel aquifer from field data or,
vonversely, as n basis for predicting the drawdown in a well tapping
an aquifer whose transmissibility is known, ooly a very general ap-
proximation could be expected. One reason for this ig that the effi-
ciencies of wells acreened in sand and gravel deposits vary greatly.
The drewdown in a poorly developed well may be many times greater,
for a given pumping rate, than the drawdown in & properly developed
well tapping the same aguifer.

The principsl reason, however, why the drewndown-yield graph
would give misleading results if used with field data from the Dayton
aren is that recharge to a well usually becomes effective in u matter of
minutes or within & few hours after pumping starts. Recharge slows
the rate of drawdown or stops it altogether, and the drawdoswn after
1 day’s pumping is less than it would have heen if no recharge had
reached the well.

Recherge most commonly is derived from an infiltrating siream if
the wells tap the npper aquifer, or it is derived from leakage through
the till-rich zone if the wells are drilled into the lower sand 2nd gravel
equifer. The infiltration grmph (fig. 10) shows the specific capacities
to be expecied of wells 12 and 24 inches in diameter drilled at various
distances fram an infiltrating stream and in aquifers of various trans-
missibilities. The specific capacity of a well is the ratio of the yield to
the drawdown and is usually expressed in gullons per minute per foot
of drawdown. Thus e well having a specific capacity of 50 gpm per
1t might yield 1,500 gpm with 30 feet of drawdown, or 2,000 gpm with
40 feet. of drawdown, or any specified quantity so long as the ratio of
the yield to the resulting drawdown is 50 gpm per ft.

Comparison of the infiltration graph (fig. 10) with the druwdown-
¥ield graph (fig. 8) shows no great difference in drawdown for a
given pumping rate in & well drawing from storage in an infinite
aquifer and in a well receiving recharge from stream infiltration. For
example, the drawdown-yield graph shows that after 1 day a draw-
down of 8 feet would occur in a 12-inch well pumped at 1,000 gpm
and tapping an infinite aquifer whose coeficient of transmisaibility is
200,000 gpd per ft. The infiltration graph shows that under similar
conditions, except that the well receives recharge from a stream 200
feet. away, the specific capacity would be about 133 gpm per ft and
bence, at a pumping rate of 1,000 gpm, the drawdown would be about
7.5 feet. In compuaring the two graphs, it must be remembered that
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the well and the drewdown for varicus values of the leskage coaflicient
E. whers P ia the coeficient of permeability of the coafining bed and
m’ isits thickness. Iftihe confiming bed through which leakage is
oocmrring has & cosfficient of permeability of 0.1 gpd per sq £t and a
rhickness of 10 feet, is leakage eonlfcient is 1 &P ® or0m
gpd per cu ft.  The graph shows that wader the conditions specified.
thf;ttwdonin;%mh' well pumped at 1,000 gpm will be about
4

The leaknge coefficient of the till-rich zone in the vicinity of Rohrers
Islend ranges from 0.001 to 0.0T2 gpd per cu ft, and the coafficient of
permeability of the till rangea from 0.08 to 0.13 gpd per aq ft, as
determined from s pamping test (Norrim, 1959, p. 12). Walton (1960,
P- 18) determined that the leakage coeficient for glacial tills and clays
at seven places in IMlinois ramged from 0.003 to 028 gpd per cu ft and
that the cosflicient of permesbility of these beds ranged from 0.08 t0 1.8
apd per sg . The range ia permeability determined by Walton for
six of the seven confining beds in Illinois was fram 0.08 to 0.63 gpd per
8q ft, the same order of magnitude s that determimed for the till-rich
sone in the vicinity of Rohrers Island.

Move data on the parmenability of glacia) till and clay were obtained
from laboratory tests of four samples of till snd one sumple of varved
finely lamimated elay collected in the Dayton area snd analysed by the
US. Geological Survey in Danver. The cosficient of permesbility of
the clay sampls, as determined by permesmeter methods, was 0.1 gpd
per3q ft.  For threa of the four till smmplea the coeficient of permee-
ability ranged from 0.01 to 0.5 gpd per »q ft, which comnpares closely
with the range of till permeabilities determimed at Rohrers Island
sad i TRinoia The coeficieat of permeability determined for the
other till sampils from the Dayton area was very high and is believed
tobe in egvor.

According to the evidence, 2 typical coeficient of permesbility of
glacial till is sbowt 0.1 gpd per 3q ft. 1f sach a till is 25 feet thick
and confines water in an underlying aquifer, the leakage coslicient of

mmhﬂ-oﬂ?zrq“-oxm@dpu& Thus, a5

indicsted by the “leaky-aquifer® graph (by interpolstion), the theo-
retical drawdown in 2 24-inch well pumpimg 1,000 gpm from an under-
lying artesian aquifer whose coefficient of transmiesibility is 200,008
gpd pec ft is about 6 feet. Such a well would have a specific capacity
of about 160 gpm per ft, correspanding to that of a similar well in
a water-table aquifer of the same cosflicient of transmissibility located
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about 100 feet from an infiltrating stream. (See infiltration graph,
fig. 10.
g10.) CONSTRUCTION ARD DEVELOPMENT OF WELLS

The construction and development of wells in the Dayton area have
ovolved in recent years into fairly etandard methods and procedures.
Typically, when wells are drilled for a factory, the choice of the drill-
ing site i restrictad by the property lines to a plot of perhaps an acre
or lees, The well sits is selected by the plant engineer, whe is guided
by the general layout of the plant, the location of any existing wells,
and the accessibility to existing power-distribution lines. Test holes
ure usually, though not always, drilled at the chosen site before the
production well isput down. Results of the test drilling, together with
records of existing wells, may dictate a different site for the production
well,

Proposed well sites are usually rejected if the aquifer contains ex-
cessive amounts of silt or clay, or if layers or masaes of till are present
that locally replace the permeable sand and gravel. In a very few
instances, the results of test drilling have been so discouraging to
drillers and plant officials that no attampts were made to drill supply
wells. Where the plant grounds cover a relatively large area, say
10-20 acres, several test holes may be put down for sach production
well drilled. Usually, the test holes are drilled by cable-toal or
percussion-type equipment, similar to that used im drilling the produc-
tion wells. In recent years use of rotary equipment has become more
common and is generally acknowledged to give better results in test-
hole drilling than does percussion-type equipment. One driller uses
a mechanical separator during drilling to remove the sand and gravel
particles from the drilling mud for inspection, and he logs the hole
by means of a portable electric logger, which makes gamma-ray,
resistivity, and self-potential logs of the formations. Use of these
geophysical tools usually gives a far better picture of geologic
conditions at the site than can be obtained from drillers’ logs alane.

When the production well has been drilled to the selected depth, a
brass or bronze well screen is lowered to the bottom of the casing (fig.
12) and the casing is then pulled back, exposing the screen to the sand
and gravel aquifer. The diameter of a typical production well is
governed by the anticipated yield of the well; if the expected yield
is large, the casing dizmeter also will be made relatively large, so 8s
to wccommodate the required pump. Wells yielding 10300 gpm
commonly are 6-8 inches in diameter; wells yielding 300-300 gpm are
8-10 inches in diameter; wells yielding 500-1,000 gpin may be 10-12
inches in diameter; and those yielding 1,000-3,000 gpm are 16-20
inches, or more, in dismeter. '
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Poss 12—isstaliatien of s well ecresn at the Frigidaire Nivision plant at
Moraime City. After ecrers ig 1 place. casing will de pailed back to expese
e screen te the sund and gravel squifer.

Theoretically, increasing the diameter of a well does not increase its
yield propornionaiely, and calculations show that under water-table
conditions the yield of & 24-inch well i3 only 15-30 percent greater than
the yield of a 3-inch welL In practice, however, well diameter usnmlly
has & very significant effect on the yield owing to comparatively large
head losses through small-diameter well acreens. 1n compearing the
ytelds of 12- and 15-inch wells screened in sand and gravel deposits at
Louisville, Ky., RBorabaugh (1833, p. 11) stated that for relatively
Jow discharge rates the speeific capacities of the wells differed by less
than § pereent, but for comperatively high rates they differed by more
than 90 pereent.

In the Duyton ares there is a fairly close correlation between the
dn-uunnfnﬂsndtharspwﬁeapncnmmdmgtompng
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test duta from approxinately 150 wells. Most of these data are from
drillers’ acceptance tests, usnally lasting 2-8 hours. Commonly such
a test is ended when the water level in the well approximately sta-
bilizes or “levels off,” as determined by periodic measurements made
with a steel tape or an sir-line gage. Of the wells studied, 27 were
less than 12 inches in dismeter, and all but 8 of these had specific
cepacities of less than 50 gpm per ft. The reat of the wells studied
were 12 inches in diameter, or Jarger; 65 percent of these larger wells
had specific capacities greater than 30 gpm per ft.

Although the greater screen-intake ares resuiting from the increased
wall diameter is probably the major canse of the higher specific capaci-
ties of the larger wells, it may not be the only facior. When wells
are pumped at relatively high rates, recharge effects occur more
quickly than when the same wells are pumped at lower rates. During
short periods of pumping, as in typical scceptance tests of wells, this
fact becomes important. A well pumped at a relatively low rate may
deaw water entirely from storage in the aquifer during s pumping
test. of a few hours’ duration, whereas the cone of depreszion formed
around the same well when it is pumped at & higher rate is larger
and may reach & source of recharge long before the test is over. Re-
charge slows or stops the drawdown, and the computed specific capac-
ity of the well is therefore much greater at the higher pumping rate.

Modern pumps in the Dayton area are almost all the deep-well
turbine type. In the turbine pwnp an electric motor, mounted on
the casing and coupled to a long shaft, turms a series of impeliers
housed in the lower end of a vertical column suepended in the well
balow the water level. Water enters the column at the impellers,
is forced upward, and is discharged through an orifice in the pump
base. The discharge is governed principally by the number of im-
pellers, cnllod stages, nsed in the pump. These can be added or re-
moved as tho oceasion demands.  The design of the deep-well turbine
pump climinates the need for costly shelters or pumphouses, and most
such pumps are placed in the open where they are readily accessible
for servicing or maintenance (fig. 13).

The deep-well turbine pump hses been in common use for about
30 years. Before its advent, displacement or cylinder-type pumps.
centrifugm]l pumps, and a few airlift pumps were used, and some
of these types are still in service in the Dayton area. The jet or sjec-
tor-type pumps, in common use on rural and domestic wells, are seldom
used in industrial wells because of their sinall capacity.

The first step in the development of an industriel well in the
Dayton aren is selection of the proper screen. Thirty or forty years
ago screens were considered primarily as strainers whose function
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v 13- High-caparity turbine putsp installed oo mamicipal well at Bokrers
hisnd. Recherge pond in backgreand. Thotograph courtesy of the Dayton
Deily Xews

wus to emclude from the well evervthing but the water. Consequently,
the dlots or openings in the screens weres made emall enocugh to keep
out sand and other fne particles. This concept has changed, however:
modern wel] screens are designed 20 that the openings ere large enough
to pass 40-00 percent of the aquifer materials. The xize of the screen
opening: weed i a typicsl prodoction well is usmally determined from
a sieve analysis of sand and gravel samples collected in drilling the
test hole. Durtag development the fincr grained marverial is washed
through the screen and iz removed from the well by pumping or bail-
ing. This forms what is termed s patura] “grave! pack™ around the
wall scresn and wsually results in s much more efficient well than that
obtained by earlier construction methods.

Artificis] gravel packs also are used in some wells. These are com-
siructing by first putring down a large-diameter caming, into which
is inserted o casing of smaller dismeter having a screen at its lower
end. The annular space between the large-diemeter casing and the
well screen is filled with grave]l of predetermined sizs and the oster
casing then is withdrawn, exposing the gravel packing.

A fow well screens in the Dayton area are of cemented gravel con-
struction. in which graded gravel is mixed with cement and cast into
& porous thick-walled screen reinforeed by wire mash and longitudmal
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iron rods. Tho sizo of the gravel used in these screens is determined
by analysis of samples of sand and gravel from the aquifer.

A few indusirial wells in the Dayton area are not screened at all,
except through perforations in the well casing. Most of these welle
were drilled during World War I1, when metal screens were scarce.
Some, though not all, are of low efficiency or short. life. A well driller
informed the authors that he was replacing several wells 12 vears old,
in which perforated easing was used in place of acreens.

The yield of & well is roughly proportional to the length of the well
screen, as the more fully a well penetrates an aquifer the smaller are
the losses due to ‘“partial penetration,” which eccur even in & perfectly
homogeneous aquifer. (See Peterson and others, 1953.) In the sand
and gravel aquifers at Dayton, horizonta] layering of the depesits
canzes the permeability transverse to the bedding to be much less than
the permesabilicy parallel to the bedding. In some areas thin layers
of clay or till interbedded with an otherwise homogeneous-appearing
sand and gravel aquifer may further reduce the permeability in the
vertical direction. Those factors greatly increase losses in wells that
only partly penetrate the aquifers. The obvious solution to this prob-
lem is to use & long acreen, which can “tie together” the more permeable
parts of the aquifer. Moreover, the longer the well screen, the greater
is the total aren of the screen openings and the smaller is the head Joss
ag the water flows through the screen into the well.

The screen lengths of about 60 wells in the Dayton nrea were plotred
against their specific capacities. Wells whose screens were up to 10
feet in length had specific capacities up 1o 40 gpm per it.; wells whoze
screens wera 10-20 feet in length had specific capacities up to 160 gpm
per ft.: and wells whose screens were 20-30 feet In length had specific
capacities up to 320 gpm per ft. These are maximwm or near-maxi-
mmn capacities for the respective screen lengths. Some wells studied,
whose screens were 20-30 feet long, had lower specific capacities than
wells having 10-foot screens.

After a well is drilled and the screen is installed, the well is devel-
aped to permit water to flow more freely through the sand und gravel
in the immediate vicinity of the well screen and thus te enter the well
with minimum head loss. Development consists of removing part of
the finer grained material from the aquifer; thiz causcs rearrange-
ment of the sand and gravel particles adjacent to the well screen.
Removal of the finer particles from the sand and gravel envelope sur-
rounding the screen reduces the chance thai the well will “sand up” or
“pump sand” when the pump is installed. The foregoing terms are
commonly applied to the fonlmg of the pump or distribution lines by
fine sand pumped up with the water.
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Sometimes wells are developed by introducing compressed air into
the water through a long hose or pipe. This agitates and lifts the
water wtil. laden with sand and other particles washed through the
well screea, it overflows from the casing.

The most common method of developing wells in the Dayton ares is
by sarging. In this method s tightly fitting surge block sfixed w
. the drilling tool is worked up snd down in the well [ike a ramrod im 2

gun. This forces water back and forth through the well screem at
comparatively high velocity and brings the finer material iato the well
where it caa be removed by bailing. Thorongh development may ve-
quire 1-2 days or even longer and is wsually worth ths expense om the
basis of pumping costs slane. The difference in drawdown between
wells that are properly developed and wells that aren’t is comsnonly as
much 25 10 feet. For s pumping rate of 1,500 gpm, the cost of operat-
ing an improperly developed well may be s mnch us §1 per day more
thaa for operating a properly developed well. After a few years the
additiomal pu-pmgenl.wnldeqmlthzongmlwtofthoull
Moreover, added mainisnance problems usually are associaied with in-
adequate well

Some wulls decline m efficiency after & few years and may require
redevelopment st intervals. Sereral coaditians may cause this declime.
The moet commmon is an incrustation of the well screea cawsed by either
the deposition of fimy marerials in the screen openings and in the sand
and gravel adjacent to the screen or by the growth of iron- or sulfate-
forming bacteria i a slimy deposit, which clogs the well screem or the
gravel arownd the well.

Irom-forming bacteris of the genus Cremothric may grow in water
coninining iron im excess of about 0.2 parts per milion. Methods of
control incheds disinfeciion and regular trestmnent of the well and
pumping equipment with hydrochloric scid or other chlorine com-
pounds. Where contamination extends into the aquifer, soms distance
away from the well face, it is dificult 10 control and may eventwally
threstsn aa entire well field.  Camtamination of an aquifer overs large
ares is Dot known 10 occur anywhere in the Dayton aree, though the
problem locally is acute and should be carefully watched 30 that wide-
spwvead comtrol messures can be taken quickly if necessary.

Serious problems of well maintenance cansed by iroa-forming bac-
teria have occurred st the National Cash Register Co. plant and st
the plants of the Deleco-Moraine and Frigidaire Divisions of General
Motors Corp. At the National Cash Register Co. plant a well drilled
in 1950 was treated with scid in 1054 and again in 1958 in efforts to
restore its eficiency, which had been apprecisbly reduced by the
growth of iron-forming bacteria. At the Delco-Moraine Division
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plant, & well (No, 338) drilled in 1948 to 8 depth of about 125 fect soon
declined in yield and wns deepened in 1950 to 200 feel. Since 1950
the well has twice been clogged by bacterial growth and both times
was treated with acid. 1t has now been abandoned. No doubt the
yield of many other wells in the Dayton area has been adversely af-
fected by iron-forming bacteria, The problem warrants a mor:
systematic study than was possible during this investigation.

CONTROLLED PUMPING THSTS

The method most commanly used to determine the storage and
transmission properties of an aquifer is based an the nonequilibrium
{ormula, which was introduced by Theis {1935). In this method the
effects of pumping a well at a known constant rate are measured at
severul obecrvation wells that tap the same aguifer. Graphs of draw-
down versus distanco from tho pumped well, or of drawdown versus
time since pumping staried, are used to solve equations that expross
the relation between the coefficients of trunsmissibility and of storage
of an aquifer and the lowering of water levels in (he vicinity of a
pumped vwell (Brown, 1953).

Ry methods based on the theory of images {Ferris, 1948), boundary
effecis are evaluated whereby the position, with respect to a pumped
well, of a source of recharge (such as an infikkrating stream) or of an
impermeable barrier (such as bedrock valley walls) can be detennined.
Effects of leukage through a semicanfining layer, such as a bed of
glacial till, may be determined by methods described by Hantush
(1055). Examples of pumnping-test analysis were prescnted by Walton
(1958, 1960) and by Norris (1950).

Control of pumping tests is made difficuk in the Dayton urea by
interference from other wells and by the scarcity of observazion wells.
Technical difficultics hamper maintainance of constant pumping rates
and precise measurement of ground-water levels in observacion wells.
Cloee control of w pumping test for periods longer than a few honrs
nsually is not possible in the Dayton area. This difficalty, plus the
heterogeneity of the aquifer, complicates imierpretation of the test
results.

One of the mast difficudt problems of interpretation is that of de-
termining whether recharge to o well comes directly from an infiltrat-
ing stream or from wertical leakage through a till bed. The effects on
ground-water levels observed during typical pumping tests are much
the same for ecither source of recharge. Seldom are there enough
properly spaced observation wells to indicate uneguivocally the source
of recharge ; consequently, a great deal of judgment based prineipally
upon a knowledge of the geology is involved in the analysis.
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Serious error might resuft in attempting to predict the lomg-term
yield of wells if the source of recharge was mistakenly identified as
through s confining bed of low permeability. Under the mistakenly
identified condition, the growth of the cons of depression, ideally,
would be halted by the infilirsting stream and recharge would be main-
tained at » relstively canstant rate as long as flow cocured in the
streams. Under the actual condition, recharge would be from storsge
in the leaking bed. If repienishment to thet bed were deficient, as
perbaps it might be in periods of drought, the recharge to the under-
lying aquifer also woald diminish, perhaps in eritical amounts.

The problem of interpretation is compounded when recharge to s
pumped well is principally from water that flows from the wpper to
the Jower aquifer throwgh openings in the till-rich some. Under
sach conditions the growth of the cone of depresion is halied by
a change i the squifer from artesiaa to waier-tahle coaditions, and
the eflects on drawdown are similar to thoss camsed by recharge from
an infitrating scream or by vertical lsaimge through s poorly per-
meable bed. Anm opening im the till-rich soms can be located by image-
well methods if encugh obeervation-well data are available, but the
rate of recharge through the opening cannot be evaluated by ordinary
fisld techniques.

Further complications arise where several openings occur in the
till-rich ssne ss, for example, in an ares whare the till is in the form
of closely spaced lenses or masses. Under these conditions it may be
s peactical mecsssity to consider that recharge originated as leakage
through s confining bed having a relstively high leakage coelicient,
because the amown: of dats required to define the hydraulic systesn
more completdly would be so great a3 to render unlikely its collection
in the filld Unfortanately, a leakage coeficient approximated in
this way can be spplied only with caution, and oaly with respect to
the pumnped well. It would have a different valus for almost any other
well in the area whoee location differed with respect o the individual
openings in the till-rich some.

Although pumping-test data are useful in determining mitial pump-
ing rata, well eficiency, and short-term drawdown in s pamped well,
seldom do they constitate an sdequsts basis for predicting the yield
of large groand-water systema. The perennisl yisld of an aquifer is
determined net so mrach by its hydraulic properties as by the average
aanual recharge, just ag for a surface-water reservoir.

Seversl of the better controlled and instrumented pumping tests
made in the Dayton area are the besis for the computed values of the
primcipal hydraalic properties—the coeficients of transmissibility and
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permesbility and the leakage factor—nsed in this report. These
pumping tests are briefly described below, and the computed values of
the hydraulic propertics are listed in tuble 2. ‘The analyticnl proce-
dures rre not described, and the wuterdevel duta are omitted, A
pumping test made in 1953 by the T.S. Geological Survey at the Day-
ton municipal well field at Rohrers Island has been more exhaustively
treated and is the subject of another publication (Norris, 1959). The
interpretive procedures described in that report are generxlly similnr
to those used in analysis of the other tests in the Dayton ares. The
hydrologic coefiient. given in the description of the pumping tests are
the authors’ unlees otherwise stated.

The permeability of tho lower sand and gravel aquifer is unifarmly
high in the Dayton area, except locally in the downtown district,
where several large valley glaciers coslesced. As a consequence, the
till-rich zone is unusually thick, and the sand and gravel deposits
contain relauively large quantities of fine sand and silt, which reduce
their permubilit.y.

Tame 2—Hydrologio cocficients obtained from pumping texte of wells in lower
aquifer
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FUNFING TEST AT ROXRERS ISLAND

A test conducted in 1958 by the U.S. Geological Survey at the
Rohrers Island well field of the city of Dayton was described by Norris
(1959). The test was made in wells drilled in the lower aquifer, which
is about 50 feet thick and is separsted from the upper aquifer by 11-30
feet of till. At the test site the coefficient of permesbility of the sand
and gravel is 2,500 gpd per sq ft, and the coefficient of transmissibility
of the lower aquifer is 126,000 gnpd per ft. The permeability of the
till confining bed ranges from 0.03 to 0.13 gpd per aq ft, on the basis
of data from five observation wells, and the leakage coefficient of the
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confining hed ranges from 0.001 to 0.013 gpd percu fi. A median value
of the Jeakage coaficient, 0.003 gpd per cu fi, was solecied as gensrally
representative of the well field. This value was checked by relating it
to the quantity of water subsequently pumped at the well field, the
chserved drawdown in wells, and the ares] extent of the cone of depres-
son es estimated from the geologic data. Good agreement was ob-
tained becween the observed facts and the theoretical calculations
which were based on the selected value of the leaknge cosfficiemt. Al-
though this value probebly cannot be appliad elsewhere ia the Daytom
area, the range of permeability of the till may be useful in making
spproximations of well vield where the till is extensive and its thick-
ness is kmown.
PUNPING TEST AT NIANI RIVER WELL FIEID

Schaefer and Walion, consating hydrologists, made s pumping test
im April 1956 at the Miami River well field, in which well T-2 was
pumped sbout 4 days at & rate of 1200 gpm. The pumped well was
sereoned in twe places, at depths of 68-T8 feet and 88108 feet, and was
open both sbove and below an 8-foot-thick til] deposit, which evidently
constitates the hydraalically mnst effective part of the till-rich sone
at the test site.
distely from the upper aquifer. Schasfer and Wakon noted in their
report to water-depertment officials (written commum., 1956) that
the water level in an cbeervation well 19 feet deep located 80 feet from
the pumped well “responded to the withdrawal of water 15 secomds
after the pump was turned on or off.™ According to Schaefer and
Walton, “water in the shallow agquifer was slso confined wnder alight
artesian premare becanse the water table was sbove the base of the
semioconfining allavial materials™ This would account for the very
rapid response to pumping effeots in the upper aquifer.

Scheefer snd Walton determined the coeflicient of permesbility of
the sand sad gravel depasite st the test site to be approximately 2,300
&pd per sq ft. They stated (wricten comman., 1956) :

Recharge to the decper marerials. st lsax in the viclnity of the tesc sive, wil
eoruw 28 leakagn of weier through the semicenfining bed. Relatively deep cones
of deprensien will bave 1o de created in Induce lorge quantities of water ¥o leek
tGsoagh the clayay materisla The effcctivencax of artifically recharging the
despor mnd and gravel by spreading water over the shellow depeaits will he
decyessed by the presence of (he veintively impermendle bed.

POREING THIR AT FEISIBAIRE ICYMION PLANT BO. 1 AT TAYEOR STRERT

In February 1951 the U'.8. Geological Survey made tests in two 12-
imch wells acveened in the lower equifer at the Frigidaire Divison
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plant No. 1 in downtown Dayton. The till-rich zone, 80-980 feer thick,
is thicker at the test site than at most other places in the Dayton area
(pl 3), and the upper and lower aquifers are correspondingly thin,
ench abouc 40 feet thick.

During the test, well 38, which is 181 feet deep and screened in the
lower 20 foct, was pumped at & rate of approximarely 500 gpm for 8
hours Drawdown and recovery measuremenis were mude in well 37,
which is 193 feet deep and 130 feet distant from the pumped well.

Well-interference effects, caused by operation of wells at. other down-
town business places, were noted during the test, and only water-level
data obtained during the firt 2 hours of the drawdown and recovery
periods were used in the test annlysis. The computed coefficient of
irunsmisgibility was approximately 40,00 gpd per It, and the coefli-
cient of permeability was abont 1,000 gpd per sq 1t, Iess than half the
value computed for the lower aquifer at Rohrers Island. The leak-
age coeflicient could not be determined from the Frigidaire site test
data, a3 recharge did not bocome effective during the first 2 hours
of pumping.

The 1,000 gpd per sq ft coefficient of permeability calculated from
the test of the Frigidaire Division wells may be lower than the true
permeability of the lower aquifer at this site. A discrepancy may
have resulted from distortion of the field data by noncontralled pump-
ing in nearby well. However, the calculnted wnlue, which is based
on data from the observation well, checks closely with that based on
the actual drawdown observed in the pumped well during the test.
The drillers’ logs of wells 37 and 38 report “dirty gravel” at several
places in the stratigraphic sequence. This may indicate that the
uquifer material is not well sorted at. this site and that it contains a
high proportion of silt and clny, which would reduce its permeability.
‘The computed permeability coefficient, 1,000 gpd per sq ft, probably iz
not representative of the permeability coefficient in the downtown area.

PUNPING TESTS AT DAYTON POWLER & LIGNT CO, FRANK X. TAIT STATION

In April 1856 o pumping (esi was made at the Tait Station, of the
Dayton PPower & Light Co. by a board of consultants, assisted by Mr.
Robert E. Reemelin of the Miami Conservancy District. Well 524,
whieh ig 153 feet deep and screened in the lower 30 feet, was pumped
for abont 6 hours at & rate of 3,060 gpm. The pumped well is 196
feot from the Minmi River, on the east bank of the stream. Draw-
down and recovery measurements were made in wells 531 and 530,
respectively, 695 and 790 feet southeast of the pumped well, in a direc-
tion away from the river.

The specific capacity of the pumped well was approximeately 110
gpm per ft, which suggests a coeflicient of transmisibility in the range
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of 200,000-230,000 gpd per ft and indicates a coeficient of permeability
for the lower squifer of about 2,000 gpd per sq ft.

The tast deta are partly anomalous, probably becamse of the m-
homogeneity of the squifer and possibly because of interference of
nearby wells: thereiore, they ars not amensble to the rigorous methods
of analysis based on commonly used equatioms of ground-water flow.
Recharge cffects were noted in the observation wells abowt 10 mimutes
sfrer pumping started, but whether this recharge originsted at the
Miami: River or resulled from vertical leakage through the till-rich
aape could not be deterwmimed. Recharge from both sowrces probably
influenced water Jovels durimg the test.

FUNPFING TRETS AT YRE LANNE ESAD WILL FIELD 6F TRT MONTOSKERY

COUNTY SANITARY DEFARTHENT

Two pamping tests were made at the Lamme Road well field in
1850, when development. of the Gcld was begun. Im April the Ralph
L. Woolpert Co. pamped well M—4, which is 166 feet deep aad screened
in the lower 38 feet for 34 hours st the rate of 1,000 gpm. Drawdown
meossurowonts were made in wells M-1 and M-2, respectively 258 and
330 feet from the pumped well. Data from the test were furnished
to the suthors by Mr. John Fachliman of the Woolpert Co.

In June 1960, the UC.S. Geolagical Surves pumped well M-3, which
i 187 fest deep snd screened in the lower 30 feet, for 94 hours at the
rate of 1000 gpmn.  Drawdown messurements were made in well M4,
which is 272 feet distant from the pumped well

Resulis of the pumping tests mdicate a relstively high coeficient of
(ranamissibility for the lower aquifer and s coeficient of permeability
of 2000-2,500 gpd per sq ft. Stabilismtion of water lovels occurred
very rapidly during each of the testa, and there was almost no further
drawdown ia the wells after shout 5 minutes of pumping. Distortion
of the flow field , caused by s clay lems that lies just above the depth at
which most wells are screened, preclnded more rigorous amalysis of
the test data.

The effect of this cdsy lens in retarding the vertical movement of
water is shown by the results of redeveloping well M-6 and installing
s loager screen in it  When placed in sorvice this well was screened
between depths of 127 and 187 feet, immediately below the clay lems,
and it had a specific capacily of sbout 10 gpm per fi. The specific
capacity declined in sbout 114 years to 18 gpm per ft.  The well was
redeveloped and an additiomal 15 feet. of acreen was inslalled between
depthe of 76 and 91 feet, immediately above the clay Jenz.  After this
was done, the specific capacity of the well was 113 gpm per ft, nearly
three times the original capacity.
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PUMPING TEST AT DRYDEN ROAD WELL FIELD OF TRE MONIGOMERY COUXTY
EANITARY DXPARTNEXT

In Apri 1933, the U.S: Geological Survey made s pumping test of
well M-10, which was pumped at the rate of 380 gpm for about 24
hours. Drawdown and recovery of the water level were measured
in well M-12, which s 273 fect from the pumped well. Results of the
tests indicate a cocfficient of transmissibility for the lower aquifer of
uhour. 240,000 gpd per ft. and a coefficient of permenbility of nhout. 1,600
gpd per ft. The aquifer is highly artesian, and recharge effects were
noted in the observation well approximately 1 minute after pumping
started in well M-10.

HYDROLOGY OF THE VALLEY-FILL DEPOSITS
GROUND WATER IN STORAGE

The availability of ground water in the Dayton area depends in
part upon the quantity of water in storage in the valley-fill deposits,
even though this quantity cannot be entirely withdrawn through welle.
The sand and gravel filled valleys, a major element of Dayton’s phys-
ical geography, constitute & Iarge natural reservoir which matches
In capacity some of the world’s largest manmade lakes. The tota)
area underlain by sand and gravel in the Miami Valley between Holes
Creek, south of the city, and Needmore Roid, near the north boundary,
together with the segment of the Mad River vulley extending from its
mouth to Huffman Dam, and inciuding smaller ureas nour the mouths
of the Stiliwater River and Wolf Creek, is approximately 40 square
miles. From this area is pumped nll but a tiny fraction of the ground
water used for industrial and municipal purposes at Dayton.

If the sand and gravel deposits in this area of 40 square miles aver-
age 200 foet in thickness, their total volume is about 134 cubic miles, or
about 15 times the volume of material excavated during construction
of the Penama Cunal. 1f the sand and gravel is uniformly saturated
below the depth of, say, 30 feet and if the porusity of these deposits
averages 30 percent, the total quantity of water in storage in rhe area
under consideration is about 426 billion gallons. This enormous quan-
tity of water, if it could all be extracted from the ground, would
supply Dayton’s water requirements for [0 years ut present pumping
rates. In the table that follows, the storage capmuity of the valley-fill
deposits can be compared with that of several manmade aurface res-
ervoirs.
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Capacitly, in
Resereslr lion pallons
Lake Mead. 1 X - J
Valley-truiz depesits at Dayton ... .. 25
5 retarding Sasine of the Miami
Cengscrvancy District (motal) b0
Hoover Reservoir (Columbus, Obio) 19

The naturs] underground sorage at Dayton is comparsbie to thal
provided by very large artificial reservoirs costing many millions of
dollars. According to estimates mads by a board of comsukants, the
cost of eonstructing proposed reservoire at Covington and DeGrafl and
an Beaver and Etk Creeks would average $135 per acre-foot of eapac-
ity. Om this besis, a surface-water reservoir having the storage
capacity of i he valley-6ll deposits in the Dayton ares would cost about
$175 million to constroct.

To ocarry sach comparisom further, the wnderground reservoir at
Deton requires mo maimtenance, it is not readily sabject to silting
or pollution, sad it vields water of good chemical amnd becteri-
ological qulity and of generally low sad uniform tempersture.
Moreover, the valuable laad wmderlain by this natursl ressrweoir is
aot taken owt of use, as it would be if it held a surface reservosr, nor
doss the water have to be piped to most pointz where it is used, as is
true of surface- water supplies.

The rate st which water can be withdrawn from the valley-train
aquifers, s computed from pumping tests and as demoustrated by the
high yields of wells, exceeds Dayion’s presently foresceable need for
watwr. However, the amount that can be withdrasm om a peremial
besis is not determined so much by the hydraulic properties of the
squifer as by the average annusal recharge.

Recharge to the valley-fill deposits has its origin principally in that
portion of the precipitation which runs off or seeps into the streams
above Daytom and enters the squifers in the Dayton area by infiltra-
tiom through streambeds. The waier enters the ground where the
water table in the deposits underiying the stream has been suficiently
Jowered by puwmping to reverss its natural slope. This is the process,
called induced infiltration, by which all large grownd-water develop-
ments in the Daytom srea are chiefly repleniched. In a sease, the
valley-611 deposits function as vast natural fikker beds into which
water is druwn from the streams and purified before vve.

A minor amownt of recharge to the aquifers in the Dayton ares s
derived from precipitation whick falls on the valley-fill deposits and
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infiltrates directly to the water iable in the vicinity of pumped wells.
The inflow of ground water from the uplands is a major factor locally,
especially where the uplands consist of thick permeable deposits. The
conditions are present south of Dayton in an area of 3 square miles
on the east. side of the Miami River vally between Southern Hills and
the vicinity of Holes Creek, where kame deposits of sand and gravel
form high hills and rngped terrain and there is no well-developed
surface drainsge. Much of the precipitation in this urea enters the
ground and flows into the valley-fill depogits as ground water, some
of which may briefly emerge as aprings before reentering the ground
farther down the valley glope.

Ground-water runofl intercopted by pumping wells may be highly
valuable to individual wuter users whose wells are comparatively far
from infilkreting sireams, ncar the sides of the valleyz. For example,
the Montgomery County Senitary Department wells nt Lamme Road
receive some rechargoe from the sand and gravel deposite on the adju-
cent upland. Similarly, wells at the Focke Packing Co,, plant on the
sonth gide of the Mad River valley near Eastwood Pari sre replenished
in part by ground water moving toward the Mad River from the
sand and gravel deposits on the hill behind the plant.

Recharge to the ground-water reservoire varies seasonally and, in
the Dayton area, occurs principally between late fall and early spring,
Beginning in late October or early November and coniinuing through
the winter rnd spring until the following April or May, ground-water
levels generally rise. During the rest of the year they nsualiy decline;
however, rising trends as well as long-term declines in ground-water
levels are often interrupted and remporarily reversed by droughis or
floods, or by changes in pumping practices,

The hydrographs of wells Mt-2, Mt-3, and Mt-8 (pl. 2) show the
fluctuations of ground-water lovels, based on plottings of the lowest
weekly water levels recorded in the wells. Wells Mt—-2 and Mt-6 are
in downtown Dayton, at the Fourth Street Station of the Dayton
Power & Light Co. and in the basement of the Municipal Building
at Second and Ludlow Streets, respectively. Well Mt-3 is south
of downtown Dayton at the intersection of Stewart Strect and Pat-
terson Roulevard, opposite the National Cash Register Co. plant.  The
number of times that peak wuter levels occurred and that annmal re-
charge began in specific months are shown for most. of the period of
record in the table that follows.

T77-015 0—60——U
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The total amount of recharge derived from loeal precipitation,
incloding that part directly received by the valley-fill deposiis, as
well as that part sntering Uk aquifers as ground-water flow from the
adjacent uplands, amowats to about one-fourth of Dayton’s present
water usa. Party on the besis of calculation: made by Walton and
Sowdder (1960, p. 35) in the Fairborn area, a little lem than one-third
of the precipitation received an the valley floor is estimated o imfil-
trate to the waier table in sreas outside the city. Thie amounts to
about 12 inches per year, or approximately 15 mgd.  Locally, recharge
from direet precipitstion probably differs greatly from the estimated
asmusl rate, bat data from which these rates can be calculated are not
availsble.

Inflow of wuter to the valley-fill deposits from the edjacent up-
lands, inctuding both ssrface runoff that infiltrates to the water table
after it reaches the valley floors and ground- water imflow, is estimated
to aversge sbowt 10 mgd im the prinripal aress of pumpuge. This
rafe, too, is subject to mech local varistion. Little surface runoff
can reach the valley-&11 deposits in paved areas of the cily, and Little
smbsarfscs flow occare {rom the upland areas on both the east and west
sides of Daytom, which are gemeraily underiain by relatively imper-
meable Ordovician shale covered by a thin blanke¢ of glacal till. In
those aress ground-water mflow may smount ta no more than about
0.1 mgd per mile of valley wsll, abont the same as the rate determined
by Walton and Scudder (1960, p. 34) in the Fairborm area. How-
ever, ground-water inflow from the rand and gravel depoeits that com-
pose the wpland on the east side of the Miami River valley between
Dayton and Holes Creek is estimated at more than 1 mgd per mile of
valley wall, or a total average inflow in that area of about 5 mgd.

Alhough recharge from local precipitation sccounts for the re-
plemishment of approximstely ome-fourth of the ground water pres-
enily pumped in the Daytom area, it cannot be increased appreciubly,
whereas recharge from the induced infiltration of streamflow, which
sestains most of Dayton's pumpege, will increase sz grownd-water
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development grows. Moreover, there are ways to increase the rate
of stream infiltration artificially. For example, at the municipal well
field at Rohrers Island infiltration takes place through the beds of
ariificial channels and lagoons, which are dredged periodically to
maintain a rate of infiltrution much higher than that which occurs
nalurally in the Dayton area.

CHARACTERISTICS OF ETREANFIOW

The most important hydrologic factor at Dayton, relative to water
supply, is the regimen of flow in the Miami River and its principal
tribntaries. Significant low chamacteristics of sireams in the Dayton
area were discussed by (Cros and Hedges (1938, p. 139, 141, 144, 143,
und 146) and are listed in table 3.

The flow that is equaled or exceeded 90 percent of the time is near
the minimum flow recorded in most Ohio streams arnd is generally
considered to come primarily from the discharge of ground water.
The amount of ground-water dischaurge depends largely upon the
natural storage properties of the formations within a drainage basin.
Cross (in Norris and others, 1948, p. 64) stated:

A viver flowing from a basin of bare, impsrmeabie rock would experience a3
flood feollowing every vubstantial rain, and would carry llttle or no flow a fow
bours later. Another river with the same mean flow, but flowing over an arce
of thick, permeablc sands and gravels, might have but & ulight increase in
fiow after a rain, and high sustained flown betwermn rains. Natural lekes end
artificial resexvoirs would have the rame effect, but in the Miawmi River basin
the storage iy for the most part in the giscial depoziis, and 1s groupnd-water
storage.

For comparative purpuses the flows equaled or exceeded 90 percent
of the time are related to the areas of the respective drainage basina,
and this retio, usnally expressed in cubic feet per second per squure
mile, is termed the dry-weather-flow index. The Mad River’s dry-
weather-flow index, 0.293 cfs per sq mi, is the highest in Ohio; it re-
flects the large amount of natural storage in the sand and gruvel
deposits in the drainage basin.

The mean flow of the Miami River at Dayton, 1,422 mgd, represents
about 18 times as much water as is now being pumped in the area, and
the flow equaled or exceeded #0 percent of the time 181 mgd, is more
than 114 times the preeent water use. However, neither of these
figures is very meaningful as they reveal little asbout other signilicant
characteristics of streamflow, especially the discharge available in ex-
tendod periods of drought. Data on drought frequency or dry-weather
fow are commonly uscd in surface-water studies to compnute the size of
proposed. stoTege reservoirs so that & minimum flow of some selected
magnitude will be obtained or, conversely, to caleulate the yield
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available from & sirface reservoir of given siza. Such data may also
be helpful in estimating the npper limit of magnitude of ground-water
supplies in which stream infilteation is the principal means of re-
plenishment. On the basis that there is no limit to the rate at which
warer from the stream can enter or be withdrawn from the around-
water reservoir, the theoretical yield fromn unit storuge graphs (de-
scribed by Cross and Webber, 1830, p. 4) can be estimated in ¢« manner
analogous to estimation of the yicld of & surface-water reservoir. Thus,
on the basis of the unil storage gruph prepared by Cross and Webber
(1930, fig. 123) for the Miami River ut Hamilron (none was presented
for the Dayton station) a surface-water reservoir at. Dayton having the
same storage capacity (approximately 423 billion gal) as the valley-fill
depogits would provide & minimum flow, by regulation, of about 1,000
mgd, or ebout nine times the present wateruse. The ultimate yield of
the ground-water ressrvoir in the Dayton area will be considerably
Jeza than 1,000 mgd, as the wuatcr must enter the reservoir principally
through streambeds and then move laterally toward points of with-
drawal. Entry losses through the streambed and resistance to flow
within the agnifer are the principal factors that limit the rate of re-
charge; the first is more critical than the sccond. The infiltration rate
is influenced by & number of variable factors und, therefore, is not
constant; moreover, it can be increased artificially. Thus, within
limits imposed by the regimen of streamflow, the yield of the ground-
water reservoir at Dayton is largely determined by economic con-
siderations, such as the coet of devising and utilizing methods for
incressing the natural rate of recharge. ‘

STEEAN INFILTRATION

The critical factor in the development of ground-water supplies by
inducing infiltration from streansis the rate at which water will “Jeak™
through the streambed into the aquifer. The infiltration rate depends
chiefly upon the permeability of the streambed, the permeability and
thickness of the nnderlying aquifer, and the steepness of the hydraulic
gradient beiween the source stream and wells tapping the aquifer. It
also depends upon the depth of water in the stream und the tempera-
ture of the infilirating vater.

The permeability of the streambed is usnally less than that of the
underlying aquifer, and for infiltration to occur the water in the stream
must be at & higher level than the water table immediately adjacent
to the stream. This difference in head is & measure of the forve re-
quired to move water through the interface between the channel and
the body of sand and gravel in which the channel iscut. The relation-
ship between the infiltration rate and the head difference is approxi-
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mately linear so Jomg as the water tabls is not lowered below the stream-
bed. When the water table drops below the streambed and continues
to fall, & corresponding imcresse in the rate of infiltratiom to the
aquifer will aot be produced. Until this condition is reached, how-
ever, the head availshle in the stream channel is a major factor affecting
wfiltration rates.

Seasonal variations in siream temperature may under certain eon-
ditioms be s major factor in the vield of infiltrstion suppliea (wuter's
vinoosity and resistance to flow are inverssly relavad to temperature).
The flow rats to a well, for a given drawdown, is decreased about 1.5
parcent for each degree the water tempersture is lowered. Theoreti-
cally, this can amount to as much as s 50 percest change in flow rate
over the common range of stream temperature: however, oncs water
eaters the ground its tempersture quickly spprosches & median value
and the practical effects of seasonal tempersture variations usually are
not significant.

‘The potestial yield of wells drawing replenishment from a stream
would be essy to evaluate if the rate of infiltration through the stream-
bed could be readily sscertained. Unfortunstely, infikration rates,
especially for large streams, are difficult to determine, whether by
analysis of grouad-water dats or by direct measurament of seepege
Joams in the stream. Rorabengh (1951, p. 170) atated:

Duetermination of peresiatisn rates for large streams In tevms of rate per
it ares Is dMicakt. * ° * When & well pear 8 large river 1s pumped. be cone
of deprussien extends bemeath the river entfl suficient head snd cree sre de-
velaped to eatisfy the needs of the systam. 1z a highly permeabie bed the come
mny extend enly purt way across the river. Where law vertical permenbility
exiais the cane may espand o lorlade the full width of (he sivesm snd then
extand ap streaw snd down stream.  Sisce the head @latribution is legarithosic
petroiation retwn is (he aren nser (be lastallation will be several times as larpe
an the averzge over the effective area of pervolatiss.

Whea suficieni dsts are available from cbeervation wells im the
vicinity of a discharging well or group of wells and an sdjacent infil-
tration stresm, comtours drawn on the water table will defins the sive
and extent of the cone of depression and show the ares of the siream
charmel in -which mfikration is occurring. When the system is in
equilibrium and the pumping rate is known, the aversge infiliration
Tats can be determined for the area of the siream channel between the
limiting or so-called neutrsl contours, which represent the boundaries
of the ares in which infiltration i ocomriag. This method is nseful
whea the squifer beneath the infiltrating stream is reasonably homo-
gensous and the shape of the coms of depression s not distorted. Dis-
tortion of the come resalts from differences in permeability im the
aquifer or from the effects of semiconfining beds through which the
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water must pass in iravelmg from the stream to the wells. The coin-
plex hydrologic conditions in the Dayton srea, particularly effects of
the till-rich zone beneath which most wells are screened, together with
widespread well-interference effects cansed by uncontrolled pumping,
geaerally ruls out application of methods based on the ureal extent
of cones of depression.

The most practical method for determining infiltration rates in the
Dayton area is by direct measurement of seepage losses in the sireams.
Howsver, because of the minimum error of 25 percent considered
present in all stream-discharge measurements, this method is reason-
ably accurate only when flows are relatively low and the seepage losscs
are & significant part of the total flow. The accuracy of the method
depends also upon the adequacy of data relative to diversions between
measurcment points, such as the amount of inflow from storm sewers
or tributaries. '

The flow in the principal streams at Dayton usually ig too high to
permit accurate determination of seepage losses by direct ineasorement.
This can be done only when the streams are near their minimum flows;
that is, at discharges which are equaled or exceeded about 90 percent
of the time. Infiltration rates determined under low-flow conditions
many be very different from those which occur when the streams are
at moderate to high stages, and this fact must be kept in mind when
evaluating the results.

It is generally believed that under natural conditions the rate of
infiltration through a streambed is greatest during or immediately
after floods, when the silt and other fins-grained sediment, inciuding
organic matter, that have accumulated in slack water periods are
being removed by channel soour. With reference to Dayton, & bosrd
of consultants (Abel Wolman and others, written commun., 1957)
stated: “The relatively impermeable river bottom seal or crust that
occurs in places in the Miami River greatly retards the vertical seepage
of water.” The consultants also commented on the indurated char-
acter of this “crust,” the existence of which, they pointed out, is well
known to canstruction engineers familiar with the river.

A sriking illustration of Lthe low permeability of the stream channel
in periods of low and modersate flows is & photograph (fig. 14) which
shows a difference of several feet between the level of the water in the
Miami River and the water table in the Miami Shores area south of
Dayton. 1f the stream chunnel were more permeable in this area the
water table would eventunlly rise to about the level of the water in
the stream.
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Putas 14 —Exrgvitian neer the Mizmi Biver is the Miaml fhares sres, in
1900, showiay &fereace in height berween the water mble 1represenred by fhe
water surface in beltom of excuvatian) and river level T'betogreph cewrtewy
of the Miami Conservancy District.
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The condition of the streambed depends largely upon the character-
istics of flow i the stream, including velocity, sediment load, und
erosion or deposition of material in the channel. A stream may scour
itg channel during rising stages, when the velocity of flow is increasing,
and redeposit materisl during failing stages, when the velocity of
flow is decreasing. Moreover, there may be considerable differences
in velocity across a streaum, and the stream may be eroding one part
of itz channel and building up another part. Consequently, stream-
bed canditions vary widely from time to time and from place to place.
Artificial channe] controls such as retaining walls or levees that restrict
the flow to a comparatively narrow part of the channel may increase
the velocities sufficiently to prevent depogition in a particular reach,
while low-head dams, commonly constructed in the major streams to
provide for water-supply intakes or to keep the channels flooded for
scenic or recreational purposes, increase the siltation of the channels.

Floods are major, atill largely unevaluated factors in aquiter replen-
ishment at Dayton. During flood stages in which the atreams over-
flow their banks, water may cover land planted to various kinds of
crops, including grass or trees, in various stages of tillage and having
a wide range of permeability. Duration of floodflows and the ante-
cedent, condition of the ground are elso factors determining the quan-
tity of water entering the aquifer. Comparison of the hydrographs of
observation wells Mt-2, M1-3, and Mt-8 and graphs of the mesn daily
discharge in the Miami River (fig. 15) shows that in June 1958 mean
daily flows up to 36,000 cfx lasting for several days ratsed ground-
water levels more than did the well-publicized flood of January 1859,
which produced a peak mean daily discharge of nearly 60,000 cfs. Not
only were the high discharges of June 1958 of longer duration than
those of Junuary 1959, but also, and perhaps more significantly, the
1959 flood occurred when the ground adjucent to the stream channels
waa largely frozen. The duration of the floodflows and the condition
of the ground at the time of the floods controlied the amount of water
thay infiltrated to the gronnd-water reservoirs. Still another factor
in determining infiltration rates, though in this area probably a minor
one, s the amount of soil moisture and the rate at which it ic lost by
evipotranspiration during flooding.

Stream infiltration rates under natural conditions gemerally are
considerzbly below rates that have been achieved artificially in some
areas by dredging or harrowing of the sirenm channels, or determined
experimentally by allowing water to infiltrate through the bottoms
of specially prepered recharge pits. This haz led to adoption of arti-
ficial recharging methods, sach as those used by the Dayton Water
Department at Rohrers Island, and to consideration of the feasibility
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of applying such methods generally in the Dayton area. The para-
graphs that follow review some of the findings on natural recharge
rates in other areas and the results of dredging experiments and low-
flow studies at Dayton.

. Acocording to Rorsbaugh (1951, p. 170), infiltration rates through
the riverbed in a 2-mile reach of the Ohio River near Charlestan, Ind.,
have averaged 0.15 mgd per acre during periods of intensive pumping.
Walton and Scudder (1980, p. 35-36) reported that pumpmg from
wells at the Wright-Patterson Air Force Base has induced infiltration
through the bed of Hlebble Creek st rates ranging from 0.17 to 0.38
mgd per acre, and through the bed of Mud Run &t the rate of 0.34 mgd
per acre. These rates are based on discharge measurcments mads in
the summer of 1955 during periods of low streamflow. The rate of
infiltration is grenter, Walton and Scudder stated, when the flows in
the streams are high.

Dove {1962, p. 64) stated that near Hamilton, where as much as 17
mgd is pumped from two large-diameter collector-type wells, the in-
filtration rate on Angust 31, 1958, averaged 0.24 mgd per acre in the
vicinity of the wells. A further study made by Dove in the summer
of 1956 ghowed the infiltration rate in the same area to range from 0.13
to 0.14 mgd per acre for each foot of head difference bet.ween the surface
of the river and the subjacent water table.

INFYILTRAYION RATES AT DAYTON
ROHRERS ISBLAND WELL FIELD

The greater part of the Dayton municipal water supply comes from
wells on and near Rohrers Island (pl. 4). Theee wells, most of which
are screened in the upper sand and gravel aquifer (Norris and others,
1948, p. 63; Norris, 1939), vield an average of about 40 mgd ; the peak
pumpage has been a8 high as 80 mgd. The supply is maintained by
artificially recharging the aquifer, in what is probably the ontstanding
example of proper ground-water meansgement in this part of the
1nited States.

Infiliration ditches and lagoons covering a 20-acre ares, abont one-
tenth of the island, have been dredged and are flooded periodically,
when the turbidity of the river is low, to recharge the nnderlying
aquifer (figa. B, 16). Flooding is acoomplished (Norris and others,
1948, p. 53) by diverting water from the south channel of the Mad
River through a large intake pipe near the head of the island. Flow
through this diversion iz maintsined by & dam in the north (main)
channel of the Mad River near the head of the island and by & dam in
the south channel about cne-third of a mile below the intake pipe (fig.
17). The purpose of these dams is to raise the water sufficiently to
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Fooss M. —Municipel well ficid oa Robirers lninad.

cange flow iato the infillration sreas The lagoons and ditches are
dredged each year to remove the bottom material and thes mainisin a
high rete of infiltration through the bottoms of the ponds.
According to Mr. Charles Stoat, well-fisld supervisor, the intake is
closed each Janmary and dredging i+ begen im Febeuwary. The muck
and silt scoumnulstion is dug ost with a back hoe down to the clean
vand and grasel (fig. 18), and by sbout May 1 the ponded aress are
reflooded. Myr. Stout stated that after the intake is closed, the ponds
take about & week to dry up. While the ponds are dry, water levels in
the aquifer decline to 3040 feet below the land surface. During the
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¥Yiauxx 17—Intake structure nesr heud of Rohxers Island. Gate wan closed at
tlmwe photograph was made. -

rest of the year, when the ponds are foll, ground-water levels are
10-20 feet balow the surfuce. Msthods of maintaining and operating
therecharge ponds have changed over ihe years as various sxperimonts
have been made, and they huve svolved into the present system, the
effectiveness of which is demonstrated by the stability of the water
supply over the past several years.

The area subject to infiltration in the vicinity of Robrers Island
includes not only tha 20 acres of poads on the island, but rlso two ponds
of ebout T acres each lying adjacent to Rohrers Island on the south
bank of the Mad River, as well as the areas covered by the north and
south channels of the river (fig. 16). The main channel of the Mad
River, where it forms the north boundsry of Rohrers Island, covers an
area of about 15 nores at low and moderate stream stages, and the
secondary channel of the Mad River, which forms the south boundary
of the island, occupies an nrea of about 7 acres. Thus, the total ares
on and adjacent to Rohrers Island through which infiltration can
occur is about 56 acree.
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Although a large area is subject to infiitration; most recharge to the
underlying aquifer, at least during periods of low streamflow, takes
place in the 20 acres that is artificially ponded and periodically
dredged. Little dredging hes becn done in the remaimder of the ares,
und relatively little infiltration is believed to occur there.

The T.S. Genlogical Survey made discharge messurements on and
near Rohrers Island on August 2 and October 19, 1944, to determine
the lose of the flow from the Mad River and the loss in ponded areas
on the island. The measurements of August 2, 1544, were made at
& time when the flow at the IInfiman Dam-Mad River gage was ap-
proximately 166 cfs, which is equaled or exceeded about 95 percent
of the time. A total of nine measurements were made by current
meter at points in each channel of the Mad River and in the dredged
areas on Rohrers Island. The total measured loss in streamflow be-
tween the upper and lower onds of Rohrers Ialand was approximately
30 mgd, of which sbout 21 mgd was lost in 13 acres of ponded area
Neglecting evaporation losses, this represents an infiliration rate of
1.6 mgd per acre. The total loss in streamflow of approximately 80
mgd was about. 82 percent of the water pumped that day fram the
wells on Rohrers Island.

The discharge measurements made by the T.S. Geological Survey
on October 19, 1944, in the vicinity of Rohrers Island are inconclusive,
owing to a possibly erronecus measurement made in the Mad River
below Rohrers Island. Other measurements on that day indicate &
losz in the ponded areas of sbout 38 mgd, or an infiltration rate of
about 2.5 mgd per zcre. The flow at the Huffmen Dam gage on
October 19, 1044, was 152 cfs, or about 98 mgd. Thus, the loss in the
ponded areas on that day amounted to more than one-third the total
flow in the Mad River.

Discharge measurements were again made in the vicinity of Rohrers
Island by the G.S. Geological Survey on October 4, 1960, as part of a
low-flow study based on measurements made at several points on the
Mad and Miami Rivers, between the Huffman Dam gage and the
mouth of Holes Creak. At the time the measurements were made the
discharge at the Flufiman Dam gage was 182 cfs, about 18 ¢fs more
than the discharge on August 2,1944.

The measured loss in flow in the vicinity of Rohrers Island between
station A, the Huffman Dam gage, and station B, about 400 feet below
Harshman Road (pl. 4), was 81 mgd. Mr. Charles Stout cstimated
that when the U.S. Qeological Survey made its measiurements in 1960,
about 30 mgd of water wag entering the ponded sreas on Rohrers
Island, most of it flowing into six of the northernmost group of ponds
on the island, which have a total area of about. 15 acres. According to
Mr. Stout, there was very little infiltration from the remainder of the
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ponds on and near the island and from the Mad River because of the
tiked condition of these other areas. (The diversion into the ponds
on Robrers Island reduces velocity in the Mad River and increases
siltstion in the reach of the river adjacent to the islamd) If it is
comervatively estimsted that 25 mgd was infiltruting through the beds
of the six ponds, the ifiltration rate was shout 1.7 mgd per acre,

which ix nearly the same as the rate determined from the August 2.
1944, measurements.

Pumpage sz Bohrers Island on October 4, 1060, was 38 mgd from
the upper aquifer and 12 mgd from the lower aquifer. The messured
loss in flow of 81 mgd hetween stalions A and B represents nearly 80
peroemt of the warer pumped on that day.

DESCHARGCE MEBSTEEMEXTS OF SEFTEMEER 7. 188t

On September 7, 1931, the US. Geological Surver made two dis-
charge messurements on the Mad River, at the Huffman Dam gage and
Dear its mouth, and twu messurements on the Miami River, at the Main
Strest guge and nesr the Broadway Bridge in the southern part of
Dayton. The discharge at the Huffmaa Dam gage was 233 cfs, sbout
30 pasvent greater than the flow on Oclober 4, 1980. No data were
obtained on efiecta of diversioas bei ween the measnring stations: how-
ever, ths Mad River measurements indicate a loss of about 43 mgd
between Huffmsa Dam and the mouth of the stream. The greater
part of thit loss probably oocurred ia ihe ponded areas om Rohrers
Island.

DESCEARGE MEASTERMENTS OF OCTORER & 1960

On October 4, 1960, engineers of the U.S. Geological Survey and the
Miami Conservancy District measured the discharge st several pointz
on the Miami and Mad Rivers to determine the amosnt of water enter-
ing the ground by ssepage through the streambods and to ascertain the
areas in which the rate of infiltration wus sigmificant. On the day the
messurements were made the flow of Miami River at Dayton was only
205 cfs, which normally is exceeded 98 percent of the time, and the
flow at the Huffmaa Tam gage was 182 cfs. At such a low stage,
mossurements in the Miami River can ordinarily be made by men
wading the stream.

Six measerements were made, and these were sepplemented by dis-
charge figures computed from gage reedings at the Dayton gage and
the Mad River gage st Hufman Dam. One measurement in the Miami
River, sbout s mile sbove the mouth of Holes Creek, was made from
» boat and was camsidered too imaccurate to nee im the sindy. How-
sver, ancther measurement wss made im (he same place, reached by
wading, oa October 36, when the stream stage was the same as it had
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been an October 4. The October 26 mensurement is consistent with
those of October 4 and is used in this analysis.

Conditions of stream stage and ground-water use were relatively
constant. for several days prior to the time of the measurcmente and
remained o for several deys thereafrer. Light rains fell throughout
Ohic on October 1 and 2, when a iotal of 0.40 inch was recorded ut
the Dayton Municipal Airport. This cauged & rise of about 0.1 foot at
the Dayton guge on the Miami River, which crested at midnight on
October 2. Recession was gradusl, and the stage was nearly constant
by October £

To determine mors accuraiely the gains or Josses in discharge be-
tween successive measurement points, inflow from the city storm sewers
and the major industrial planis and the efffucnt from the sewage treat-
ment plant were recorded at or abous the fime the measurements were
made. Discharges fromn the city storm sewers were compuled on Octo-
ber 3; however, in the opinionof Mr. Elmer Gouch, Chief Engineer of
the Burean of Sewers, they were virtually the sane a8 the flows of the
previous day.

The points where the stream measurernents were mads are shown on
plate 4, and the discharge dats and rares of infiltration between suc-
ceesive stations are given in table & As expected, the greatest loss
in flow, 31 mgd, vocurred in the vicinity of Rohrers Island between
wations A and B. Infiliration took place chiefly in the ponded areas
on the island, as has already been described.

Tinie 4.—2Aiscelionoour divcharge measuremenis, Ootoder §, 1589

Tafow Gain ar Joae be-

Jsasore- . stwwen | tweep alations Ares of | Inslsrs-
et Approxiconto Joeation satiomd - soesm | How rats
station ! bed | (e

- Caereag) nere,
o mgd
]
A Mad River at Huffemn Dem - :
B | MsdRiverst Hamhizan Rd...) W% > Rl S St B 7T iy
C Rivee above Findlay M ... -5 -3 13 .0
D Mad nesr mouth... ... | b g 10 +1 +.8 ) |
B Mad River ot Nain 81 . w -1 -7.7 5B
F Misnxl River beloer y
Strasl Nridge_____..... .| 28 “"s| - -10.5 i} .8
p: 1 Rlver oppesite Miznt
Courmn .. .. e s743 -13 -.8 5 .2
 { Mism) River 1 mils north of
3 SO Y . ] .3 -~20.8 -13.4 - & ]

13c is estimmted that sll But & ogd satarsd the prouad throngh LS scres of pond ares; henes, %-w.

: m:alylhupu&n na!?smwﬁl&m!nﬂhﬂlmmed.

4 Memared Oct. 38, 1M,

Discharge measurements st stations B and C (pl. ¢) show a loss in
flow of about 5 mgd in the reach of the Mad River between Harshman
Road and a point sbout. 0.4 mile above Findlay Street. (Ground-weter

779-016 O—n8——7
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withdrawals ia this part of the vulley, chiefly from municipal wells
C-7 snd C-9, were estimated to be sbont 3.5 mgd on October 4. Re-
charge to these wells probebly accounted for part of the loss in flow
in this reach of the river; some of the 1oss may relate aleo to the filling
of eomes of depression around wells C-17 and C-16, from which about
4 mgd was bsing pumped up to s few hours before the measurements
were made. Much of the lom i this reach was due also to pomping
from the lower squifer farther downstream, between stations C and
D. Infilretion was facilitsied by stream dredgimg thea in progress
in the vicinity of wall C-17, about 2,000 feet below Harshman Road.
The dredging hed been going on intermittently a1l summser in this
general area as part of & program of levee construction and channel

straighteming.

On the basis of the total sres of the streambed between measure-
ment points B and C, the infiltration rate was computed to be about
04 mgd per acre. However, infiliration was probably act uniform
over the ares, sad the infiltration rate in the dredged aress no doubt
greatly exceeded the rate caiculated for this segmeat of the stream.

In the reach of the Mad River between wessarement points C and
D, from a point 0.5 mile below Eastwood Park nesrly to the confluence
with the Miami River, there was little change in flow. Pumping in
this ares of the valley amounts to about 3-5 mgd from the lower aqui-
fer and to little or mome from the upper aquifer. The piecometric sur-
face of the lower aquifer is below river level in this area (pia. 7, 8),
and some verticsl leakage from the upper to the Jower aquifer. and
comsequent loss of streamflow by infiltration to the upper aquifer,
would be expected. However, hydrologic conditione in this part of
the valley are altered by the presence of a local confining bed of till
which oecurs st shallow deptk in the npper aquifer. The shallow till
Iayer forms a local artesian aquifer which receives recharge from the
unconfined part of the aquifer in the vicinity of Esstwood Park. A
part of this recharge reaches the Jower aquifer by downward leakage
through the till-rich sona

Iz the short reach of the Miami River between station D, near the
mouth of the Mad River, sad etation E at the stream-gaging station
about 1,000 feet below the Main Streec Bridge, and imcluding & 2,000-
foot reach extemding wpstream from the mouth of the Mad River to
station K, there was s loss of about 7.7 mgd based on the discharge
measwrements of October 4, 1060. The infikration rate in this ares was
sbout 0.3 mgd per acre, a little leas than that determined for the reach
of the Mad River betweea stations B and C, below Rohrers Island.

The loss in flow between stations D and E resalts from pumpage
of about 10 mgd in the cenrru] part of the city, which haz Jowered the
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piezometric surface of the lower aquifer as much as 20 feet below river
level.

The October ¢, 1960, diecharge measurements show & loes of about
10,5 mgd between stations E and F, in the 3.5-mile reach of the river
between the gaging station near the Main Street Bridge and a point
below the Broadway Bridge, near the south limits of Dayton. Pump-
age in this area is relatively heavy, currently averaging 26-30 mgd.
As plate 8 shows, the piezometric surface of the lower nquifer is 20-35
feat below river level. Ground-water levels slong this reach of the
stream are the lowsst in the Dayton area owing to a relatively low rate
of infiltration, which om Qctober 4, 1960, was only 0.06 mgx per acre.
As 2 coneequence of the low infiltration rate, more water was bemg
removed from aquifer storage along this reach of the river on October
4, 1960, than elong the rest of the channel.

The low infiltration rate between stations E and F is probably due
to & greater asccumulation of &ilt there than elsewhere, cansed by the
poaling of the river behind the low dam at the Tait Station of the
Dayton Power & Light Co. In 1958 a board of consultants {(Abel
Walman and others) mede tests neur Carillon Park, shout 0.5 mile
above the Tait Station Dam, and found thai as much as 1 fool of fine-
grained sediment generally covered the river botrom. AL that time
the water table wae 3-12 feet below river level in the Carillon Park
ares.

On tha basis of pumping-test data and the hydraulic gradient, the
board of consultants estimated that on May 21, 1956, the Miami River
was losing water in the test area near Carillon Park at the rate of
10 mgd per mile of channel. This estimate is much higher than that
bused on the measured loss in flow on October £, 1960, of 10.5 mgd
between stations E and F, which is equivalent to only 3 mgd per mile
of channel. The discharge at the Dayton gage on October 4, 1960, was
205 cfs, and on May 21, 1956, it was 985 cfs. The higher dischurge on
May 21, 1958, would probably have resulied in a higher infikration rate
than occurred on October 4, 1980, However, the rate of 10 mgd per
mile of channel, estimated near Carillon Park, cannot be applied to
the entire 8.5-mile reach betwween stations E and F, and no comparison
can be drawn between it and the infiltration rate determined on
October 4, 1960.

Between siations F and H, in the 1.3-mile reach between a point
near the south boundury of Dayton and a point opposite the Miami
View Golf Course, south of the city sewage-treatment plant, there was
little change in flow on October 4, 1960. Allowing for the diversion
into the Miami River of the effluent from the sewage plant, there was
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» measured loss in flow of only 0.8 mgd, 2 quantity too small to con-
sider in view of the margin of error inherent in the discharge measure-
ments.

There is very lictle pumpage in the reach between staiions F and
H; however, the cone of depression sround the Tait Station wells to
the north aad that around the Frigidaire Division wells to the south
merge in this area, and the pieaometric surface of the lower aquifer is
s fow fost below niver level. The hydruulic gradients are vecy low,
however; this fact, ples the fact that ground-water recharge is received
from the kamse deponits that Lie along the cast edge of the valley, ac-
counts for the small loss in streamflow on October 4, 1960.

In the reach of the Mismi River betwren station H, nour the Miami
View Golf Course, and station L, 1 mile north of Haoles Cresk, the loss
in streamflow was estimated to be about 13 mgd, on the basis of the di=-
charge measurements of October 4 and 38, 1960. For the entire reach
betwesn stations H and I, the infiltration rate was sbout 0.3 mgd per
acre. About 35 mgd is curvrently being pumnped in the area adjacent to
this reach of the stream and the piecometric surface of the lower
squifer generelly is s few feet below river level Some water was boing
pamped from storage in the aquifer on October 4. 1960, and some of
thia was being replaced by flow from the knme deposits along the east
edge of the valley. These permesble sand and gravel deposits, which
extend south from Calvary Cenetery to Holes Creek, comstitute a large
natural ressrvoir which sbeorbs much precipitation and releases it
slowly a8 ground-water discharge to the Miami River. (See geologic
saction 2-5°, pl. 8.) Wells drilled in the valley between the river
aad the bordering kame deposits receive recharge from both sources.

Approximately 110-120 mgd was being pumped for mmmicipal and
indusirial water supply in the Dayton srea whea the October 4, 1960,
discharge messurements were made. These messurements show that
about 30-35 perceat of the water pumped from the ground was being
replaced by indeced sitream infiitration. The remainder was being
pumped from storage in fhe aquifer. excopt for s minor emount
urements were made whea the flow at the Dayton gage on the Miami
River was 305 cfa, a discharge that is equaled or exceeded nearly 99
percent of the time (pL 2). During the periods of such low flows
the rate of infiltration from the rivers, except st Rolrers Island, is
teo low to keep pace with the quantity of water being pumped. Con-
ssquently, ground-wuter levels docline until mfiration from the
streams becomes more effective in recharging the aquifers.
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INFILTRATION A8 RELATED TO STAGE, DISCEARGE, AND ARFEA

Comparison of the hydrographs of wells Mt-2, Mt-3, and Mt-6 to
the mean discharge in the Miami River (pl. 2) shows that the annual
flactuations in ground-water levels follow clozely the hydrograph of
mean scream discharge. The highest ground-water ievels usually lag
Lohind the peak stream discharges by periods of & week or more;
however, ground-water levels usually begin to rtse from their seasonal
lows in the early fall, when the streams stil] are at fairly low stages.
The annual rise in ground-water levels in downtown Dayton begins at
the end of the sir-conditioning season, when pumpage is reduced.

Sustained discharges greater than about 2,000 cfs? at the Miami
River (Main St.) gage produce most of the annual recharge to the
ground-water reservoirs in central and southern Dayton. This is
conciuded from a comparison of the hydrographs of observation wells
Mt-2, Mt-3, and Mt-8 to mean daily discharges in the Miami River
(fig. 19) for 1956, a fairly typical yoar. It is not known whether the
rate of infiltration is directly proportional to stream discharge and
becomes sufficiently lurge when the discharge is sbout 2,000 cfs to
exceed the present. rate of withdrawsl from the aguifers, or whether at
some “critical” discharge a sudden disproportionate significant in-
creuse in the infiltration rate is produced. This may occur when
the velocity reaches & point where scouring of the streambed begins;
or it may relate to changes in the width of the channel, m that at
higher discharge more of the channel is flooded than at lower dis-
charge, sllowing water to infiltrate in areas where the indurated
channel deposits of muck and silt have not accumulated in significant
smount.

A table follows that shows the relationship bet ween discharge, stage,
width, and velocity of stream at the Main Street gage { Mismi Riverat
Dayton).

- Velaoity (8t parwea)
Disctarge (ch) Stage ) Widthal -
eeam (1) !
i Mean . Highest
1
& T LL | fomcacmes cmamaa
0. ... .18 202 Q.80 - L. 08
3002 e cameaaa .34 299 .4 1.30
2,000, . ;e cmmmmeemem oo LDG 357 LT3 2 57
10000 ool 5.88 451 ¢ 4,08 . 4 64
I i
1 tage-baight datuce 8 alt 7O OO,

1 Discharge sgualed or excreded sbont 90 percent of the tivse.

A discharge of 2,000 cfs st the Main 8¢. gpage is approximately eguivalent to a
dincharge of 650 efa &t the Hufman ixm gage on the Mad River,
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Tho relationship between width of the stream and specific discharge
varies considerably between the Main Street gage and the low-head
dam near the south limits of the city. The Miami River is more
restricted below than above the dam, and width below the dam changes
relatively little when discharge is 300-2,000 cfa.

In the vicinity of the Main Street gage the width of the stream
changes little between stages of 6 and ¢ feet. Below a stage of 6 feet,
however, the infiltration rate may at times be significantly higher in
the part of the channel lying between the “normal® water’s edge and
the waterline represented by a discharge of, say, 2000 c¢fs. The in-
termittent exposure of this ares, during which the ground is dried
out, may temporurily increase its permeability.

The change in stage between discharges of 300 and 2,000 cfs is only
about: 1.6 feet at the Main Street gnge, and the depth of water in the
stream is not a significant fuctor in determining the amount of water
infiltrated in downtown Dayton. Farther downstream, however, in
the vicinity of Moraine City, the stage changes more with vurmations
in discharge, and the head in the river has relatively greater influence
in the recharging of the underlying aquifers.

At a discharge of about 30,000 cfs at tho Main Street gnge, levees
nre topped in the unimproved part of the channel, and mfiltration can
ocour over a considerable area in the lowlands south of Dayton. A
discharge of 80,000 cfs occurs, on the average, about once each 114
Foars, according to records of the Miami Conservancy District, often
enough for widespread flooding to be a major factor in recharging the
ground-water reservoirs. Improvemenis will eventually be made
which will restrict flows of this magnitude to the existing channel,
limiting the areas that will be flooded and probably reducing
ground-water recharge.

Infiltration rates are related also to the velocity of flow in the stream,
in that at critical velocities the sili and mdurated bottom seal may
bo scoured from the streambed, thereby increasing its permeability.
Veloctties rt which a astream scours itz bed vary greatly and depend
upon the condition of the streambed, the sediment load in the stream,
and the kind of sediment being transported. The effects of increased
permeability of the streambed, cansed by scouring, are partly offset by
the higher turbidity of the water during floods, which reduces
infiltration. '

Engineering studiee to determine the effects of the flow of water on
bed materials have been directed toward the design of stable channels
and permissible cansl velocities, and little attention has been given to
the relation of flow characterisiics to infiltration rates. King (1939,
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p. 284), commenting on the work of Fortier snd Scobey (1926), stated
that

there is ne shary IIne of damareation between the velncitiss that can no leager

maintals sllt I movemest and thege thar will scour ¢ camal bed. 1t fe Delloved
that there ir a broad belt of velorities between these twe “crilical™ velocities

| Veloily Ok o sond
Onginsl materiel aumeund Chor et Water '-i—-:
a9 detrisen z.- =, -
¥ine send, neasclloidel. ... . . _______ 1.3 2.30 1.50
[ 3. 50 5.00 17
Cearse geawel, noncolloidsl . ... ...._. .. 4. 00 &. 00 4. 30

Mnsn
Desnster mivelly §
Sioteving - B pw se) Mmtevial (=) i pwr ax)
.. . ... ... (N ) [ ¥ Pebbies:
P __ ... ... .. A
———— ) - Medigm . s 49
Madian .. ... R} - Consme___ .. ... — @ an
Conme, ... . L® 19 I.&__ __________ : ':
Gronl: T .
e 10 23 e..eeeeee MDD ns
Meobmm,_ .. .. L8 10 e e » L ]
Cmn .. B O 18

Thess velocities, sccording to Simons, are modified by & correction
Inctor which varies with depth as follows:
Degth . 098 197 328 492 €58 &M 9M
Cerrection factar S0 50 180 119 1L 128 125

The foregoing discussion of permissible velocities in artificial chan-
nels cut in vaTious matarisls is useful as 2 general guide in considering
the offects of flow velocities in the natura] stream channels st Dayton.
Velocities vary eonsiderably in the Miami and Mad Rivers, not oaly
with discharge, but also with changes in width of the channels from

*Simens. D B, 1997, Thoery and dosign of stadie chasssls 1n sfluvial materials: Fort
Collimg, Colosnde Sixte Oals. FA D. thasin, p 3-00.
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place to place. Suffice it to say that in many places and al various
times velocities in theee streams are sufficiently high that streambede
areeroded. The effects of this erosion on rthe “hotrom seal™ have yet to
be evaluated in terms of the relation between infiltration rates and
specific flows in the streams.

GROUND WATER AVAILABLE FRONM NATURAL BTREAM
INFILTRATION

In the reach extending upstream from Holes Creek to the Minmi
River well field of the city of Dayton, the Miami River at inoderately
low stages covers an area of approximately 400 acres. Ar comparable
stages the Mad River, between its mouth and Huffman Dam, covers an
srea of approximately 74 ucres, including 20 scres of ponds and
lagoons on Rohrers Island.* Thus, during low to moderate stages &
total of about 475 acres of streambed is covered by water. During
higher dischurges the streams cover somewhat more area;: for the
purpose of this discussion it is assumed that at discharges of about
2,000 cfs at the Main Screet gnge the total area coverced by the streams
is sbout 550 acres. Ground-water pumpage in this area totals approx-
imataly 110 mgd, of which an estiruated 85 mgd is replenished by
irfiltration through the streambeds. Therefore, if infiltration oocurs
uniformly over the entire 330-ncre area of streambed, the average
mfiltration rate will be approximately 0.15 mgd per acre, & value con-
siderably below that obeerved in many places nnder natural conditions.
It is understood, of course, that ground-water recharge does not occur
uniformly over the area, but ranges from zero in small areas whore the
streams are gaining, to at least 1.7 mgd per acre in the pondod areas
on Rohrers Island.

The highest rate of natural infiltration throngh the bed of the Miami
Rivor is in the reach extending from the mouth of the Mad River to
the vicinity of the Brondway Street Bridge, near the south boundary
of Dayion. Pumpage along this +-mile reach is about 30 mgd, almost
all of which, owing to the impermeable covering of buildings and
city streets, must be replenished by infiltration through approximately
165 acres of streambed. Ground-water levels are below the streambed
perennially in this area, and infiltration from the Miami River occurs
all the time, though at varying rates. On an annual bazis the infiltra-
tion rate averages about 0.18 mgd per acre. However, the average in-
filtration rate in most of this area was only 0.06 mgd per acre on Octo-
ber 4, 1960, during a period of low strvam discharge. As explained
previously, most recharge is associated with discharges at the Main

< The stream-cotersd areds wers compated frem acrisl photograpbe takcm Ang. 16 and
36, 1966, when the discharges ar the Maia Bt. gage were 450 and 375 cf¢, reapectivaly.
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Street gage of abowut 2,000 cfs, or grester, which cocur about 20 percent
of the time.

T£ the infilkration rate is assumed to aversge 0.08 mgd per acre 80
pereent of the time when the discharge is less than 3,000 cfs, it must
average abost 0.6 mgd per acre during the rest of the year w replenish
the approxzimately 30 mgd being pumped. An infiltration of 0.8 mgd
per acre is grester than that messured in any part of the natural stream
channels on October 4, 1960, snd it may be close to the maximum that
oocurs naterally in this part of the channel when most recharge occurs.
‘This is consistent with results of dredging experiments made by the
board of conseltants, which showed that, locally at least, the “channel
seal” was relatively impermesble in this ares.

Because of the low sverage infiltration rate. ground-water develop-
ment in this part of the Miami River valley, that is, in the cemiral and
southera parts of Dayton, has nearly reached its practical limit. Ovar

has orcarred locally as ground - water levels have declined
in the past 4 or 5 years in places where pumpsage has not increased.
‘The decline was halted only temporsrily, in 1957, 1938, and early 1959,
when discharge at the Main Screet gage was sbove average. The year
1958 was unnsual in thet the dicharge in most of Jume, July, snd An-
gust excesded 2,000 cfs and, a8 & result, the seascmal declime in ground-
water Jevels was much lese than normal. With ground-water levels
already abnormally high, the spring recharge of 1950, which was
beralded by near-record-breaking flooda. raised groumd-water levels to

. highs that hed sot presioosly beem reached since 1952. This recovery

was short lived, however, and by the summer of 1960 groand-water
levels in cbeervation wells Mt-2 and Mi-8, in downtown Duyton, were
st record lows. The water lovel in obeervation well Mt-3, in the
southern part of Dayion mear the Stewart Street Rridge, was near
the low of record in 1960 snd probably would have besm at an alliime
low had there mot been a reduction im pumpage that year st nearby

plants.

Pempage has been redoced in piaces becanse of the lowering of
ground-water levels; elsewhere, pomping levels are near the tops of
ths well ecreens in relatively deep wells, and shallower wells have
been abandoned. Thess conditions have beea noted st the Nationsl
Cash Register Co. plaat in south-central Dayton, at the Delco Products
Division plant in cmtral Dayton, and at the Third Street Station of
the Dayton Power & Light Ca, in the east-contral past of town.

Pumpage can be increased locally in central and southern Dayton
by the drilling of new wells in relatively undeveloped parts of the
ares. Imcreases obtzined this way will be small, however, compeared
to the total quantity of water now being pumped in the ares, and they
cannot be depended wpon 10 keep pace with the imcrease in water use.
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Most land is already preempled, and sater users are limited in their
choice of drilling sites. Substantial increases in pumpage in this part
of Dayton must await development of metliods for increasing stream
infHeration to the underlying aquifers.

Ground-water development can be increased in the Miami River
valley in the northern part of Dayton, above the mouth of the Mad
River, because pumpage there is only about 4 mgd and ground-water
lovels are relatively high. Much of this ares is a residential section,
however, and future pumpage is not likely to excoed 10-13 mgd, a
quantity which cun be readily obtained. The quantity of ground
water available in this area will be reduced eventuslly by development
of the new municipal well field in the Miami River valley, about a mile
north of the city limits.

North of Dayton the aquifers were virtually untapped until the
municipal water department began development of its new Miami
River well field in the vicinity of Beardshear Road. Pumpage at the
new well field was only sbout 8 mgd in the spring of 1981 ; howerver,
water-department officials hope to develop ultimately a supply of 50
mgd from the well field by ertificial recharging methods similar to
those used at Rohrers Taland.

Hydrologic conditions at. the new well field are not nearly as favor-
able a3 they are ai Bohrers Island for the development of a large
ground-water supply. At the new well field the upper aquifer is
comparatively thin and most of the wells will necessarily be screened
in the lower aquifer, beneath the till-rich zone. Development of 50
mgd of water will be o practical undertaking only if the rate of leak-
age through the till-rich zone proves to be comparatively high.

About 10 percent of the time the flow of the Miami River at Tay-
larsvile, 7 miles above the new well fleld, is less than 60 mgd (Cross
and Hedges, 1959, p. 139). After the well field is fully developed,
pumpage at times of greatest demand, coincident with periods of low
streamflow, will virtually dry up the stream in the area of the well
field. At sach times the quantity of ground water available in Dayton
will be reduced, especielly north of the mouth of the Mad River, into
which area the cone of influence of the well field will probably spread.
Farther south, in central and southern Dayton, ground-water levels
may be lowered moderately in drought periods when, unfortunately,
they are already critically low in some areas.

Ground-water development in the Mad River valley in the vicinity
of Rohrers Igland is near its practical imit. The municipal water de-
partment pumps more than 40 mgd on an average, from wells in the
npper and lower aquifers. This amount is replenished chiefly by in-
filiration through lagoons and ditches on Rohrers Island. In the
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summer, peak demand of more than 9) mgd frequeatly comes when
the flow in the Mad River is 50 Jow that most of the water enters the
groend in the area of the well eld.

The large diversion st Rohrers I:dland must be considered in plans
for additional development farther downstream; however, between
Rohrers Island and the mouth of the Mad River conditions locally
are favorable for additional large-scale development. In 1925, before
the first well was drilled on Robrers Isiand, the ity pumped about
20 mgd from grouwps of wells in the Mad River valley below Rohrers
Island

An sres of exceptionally good potential in the lower Mad River val-
loy s that between Eastwood Park and Findlay Street, where the
geolugic evidencs imdicates a break in the till-rich zone and where, ay
a oconssquence, the sand and grave)] deposits form a single relstively
thiok squifer of kigh trensmimibility. The city has slready drilled
wells C42 C43, C44, C4%, and C46 on or near the lovee in this
area and is presently pumping an sversge of about 8 mgd, with little
lowering of ground-wuter Jevels. The pomsibilities for large-scale
development might be further increased by the use of one or more
sbandoned gravel pits in this ares to recharpe the aquifer artificially.

The Miami River south of Dayton, bet ween the Broadway Bridge
and the mouath of Holes Creek, covers an ares of approximataly 110
acres at relatively low flow. Tf the stream were confined to this chan-
sal at all times, the quantity of water available patarally from indaced
mfiliration conld ressonsbly be estimated as 30-73 mgd somnally.
Presently, however, chansel improvements are gemerally lacking in
this reach, and flows of about 30,000 cfs, which oocar on the average
sbout omce each 114 years, remult m the flooding of large aress of
bottoma land. Thess floodfiows comtribute substantially to the re-
filling of the ground-water reservoir, and in this ares they emsble
larger withdrawels thas will ba pnasible in the futsre, when chaand
improvements are made snd levess are heightaned.

As s final note im this section, some mention should be made of po-
tential for grownd-waier development in the Stillwater River valley
im the northwestern part of Dayton. The Stiliwater River is under-
lain by deposits of mnd and gravel, hut the deposits generlly are
thinner and of much less areal extent than those in the other principal
valleys. Moreover, the Stillwater River flows mostly through a resi-
deatial ares im which large ground-water supplies probably will not
be developed. Locally, however, there are sites along the river where
ground-water supplies of perhaps ss much as 1-2 mgd can be
developed. _
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LEAKAGE THROUGH THE TILL-RICH ZTONE

The rate at which water will move through the till-rich zone into the
lower aquifer is a major factor determining the availsbility of ground
water in some areas. Im the vicinity of Rohrers Island the till-rich
zone is relatively effective as a confining bed, and the piezometric
surface of the lower aquifer averages abont 30 feet lower than the
water table as a result of the pumping of about 15 mgd from the lower
aquifer (Norris, 1959, p. 14). The till-rich zone probably is equally
effective as a confining bed in much of the downtovn end northern
parts of Dayton and more locally in areas south of Dayton, such as the
vicinity of Moraine City. The till-rich zone is relatively ineflective
as & confining bed in the Mad River valley in the Findlay Street-East-
wood Park area, whers interbedded till deposits are generally thin or
absent, and also in the vicinity of the Tait Station of the Dayton
Power & Light (Yo., in South Dayton, where the till-rich zone comprises
lenses and irregular masses of till.

In the Miami River valley the piezometric surface of the lower
aquifer is about 10-30 fest helow the water table in heavily pumped
areas. It can be lowered an additional 20-30 feet in most places with-
out dewatering the lower aquifer. If the water table is maintained
at a relatively high level, providing a large potential head difference
between water in the upper and lower aquifers, pumpege can increase
substantially before the rate of feakage through the till-rich zone
becomes a major limiting factor.

Figure 20 shows, for various leakage coefficients, the quantity of
water that will leak through the till-rich zone under various head dif-
ferences becween the upper and lower aquifars in a segment of the
valley 1 mile long where the valley-fill deposits ave assumed to average
3.5 miles in width. In the Dayton ares the value of the lerkage co-
efficieni has been determined only at one place, cn Rohrers Isiand,
where it ranges from 0.002 to 0.012 gpd per cu ft. 1f & median value
of the leakage coefficient is sclected, 0.007 gpd per on ft for exnmple,
the graph shows that for a head difference of 30 fest between the upper
und lower aquifers about 14 mgd will Jeak theough the till-rich zone
in & valley segment 1 mile long and 2.5 miles wide.

ARTIFICIAI RECHABGING METHODS

Aquifers have been artificially recharged through either injection
wells or specially constructed pits or by land flooding, and people have
asited whether artificial recharge would be feasible at Dayton. Al-
though a detailed treatment of the subject. is beyond the scope of this
report, some of the principal factors to be considered in evalnating
oertain methods of artificial recharging are presented here. A brief
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daseription is givem of dredging experiments in the Dayton ares and
of enginesring studies om specially constructed recharge pits at

Peoria, IIL
BXPERIMENTS IN THE DAYTON ARKA

Artificial recharging is not new w0 the Daytom ares, as recharge
ponds have besen wsed with considerable sucoess for several years by
the Dayton Water Department. at Rohrers Island.  Also, a recharge pit
sbowt one-third of an acre in ares is used each summer st the Frigi-
daire Division plant in Monaine City (o dispose of 1-1.5 mgd of waste
water. This pit is dredged about every 6 weeks while it is in use.

Recharge through wells is an altractive possibility, as water can
be imjected indo an aquifer at raies comparable to rates of pumping



HYDROLOGY OF THE VALLEY-FILL DEPOSITS 103

from the aquifer. Injection wells, like supply wells, require proper
development for efficient operation. Aleo, injection wells muat receive
clear water or they will eventually become clogged. The chemical
quality and temperature of the water used for recharging must be
euch that no adverse effects, such as precipitation of mineral com-
pounds, result from mixing of this water with the water already in
the aquifer. The temperatare of the injected water may be critical
also with reepect to the use of the ground water for certain industrial
purposes, and this may limit the time of year when recharge from
surface-waier sources can be carried on. Finally, the available head
or preasure difference between the water beiny injected and the water
in the aquifer must be considersed, as this factor is major in determining
the rate at which wsater can enter the sguifer.

In 1955 the Miami Conservancy District experimentally dstermined
infiltration rates through the bed of a small recharge pit dug in & dry
part of the Miami Riverchannel. The pit, a quarter of an acre in area,
wag 500 feet downstream from the Main Street Bridge (pl. 4) and
dug to » depth of 2 feet below river level. When the experiment
wag made the water iable was several feet below the bottom of the pit.

As reported by & board of consultants (Abel Wolman and others,
written commun., 1957), the infiltration rate was as high az 7 mgd per
acre when unfiltered river water was first conveyed to the pit. The
infiltration rate declined rather rapidly, however, and in one experi-
ment it fell to approximately 0.65 mgd per acre at the end of 2 weeks.
The decline was believed due to progressive silting of the pit bottom
and to s reduction in the ground-water gradients in the vicinity of the
pit caused by the building up of a ground-water mound heneath the pit.

This experiment stiests tothe very large increase that can be effected
mitially in the rate of streambed infiltration by artificial means, such
as dredging, but it also points up the necessity of taking mto sccount,
in ussessing the benefits of artificial recharging, the very rapid decline
in efficiency of many common methods.

The Miami Conservancy District also made & recharge experiment in
1954 in south Dayton, on the right bank of the Miami River opposite
Carillon Park, in an area where the water table was more than 10 feet
below river level. The board of consultants ( Abel Wolman and others,
written commun., 1957) reported that :

In this recharge (est water wor sipboned from the river nver the top of the
leven and into & large gravel pit newrdy. The eiphon action was started by means
of 2 pump. Once establiched, the viphon was allowed to continue for & number
of layn The gravel pif acted ns a large recharge basin nnd allowed the sipboned
river water to Infiltrate tuto the ground-water swstem. XNo detalled data on
witer levels or Infiltmtion rates were eollected during this experiment. The

malo conclusion t» be derived frum the tewt was that operatious of this type
can suceesufully put large amounts «f water into underground storage.
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The board of consaltants also experimented with artificial recharg-
ing methods in the sprimg of 1836 by dredging the chamnel of the Miami
River in 2 small area near Carillon Park (pl. 1), where the water table
was about 12 fest below normal river level As stated by the board:

the chief! purpses of this enpariment was (1) to evalunie rates of river inffire-
dton under narzral conditions, and (2) ta claerve changw io there Tates caused
by artificially remsoviag the spper few feet of river-bottym materials

The test program inveived the iostalistion of Dumerous cheervation welle on
hath hanks of tha river and in the rfver chaunel fomif. Meassrements of water
level in these welly were made periedically (o determine chaxges I the profile
of (be water tabie acrons the stream chamael with referemce o changing cow-
ditisms of river stagn When suficient dats had beea obtained % permiit s
evaluation of maturel raten of river infiltracion, (he river bottom wss dredeed
™ & shallow Gipth. and further cbeervatiens made of the resulting effocts o8
incrensed initvation © * °*.

During the atallation of sswme of the sbsertation wells In the river chamnel,
fqueat waier-lovel messturements were made inside and eutside the pipe 0
daterming the exmet pesition of the water teble with reference o0 river level
In every instuance. as sesa 88 the well screen had penetraicd more thes & fool
below the chanae] fiser. the water standing in the pipe ram out into the highly
pormasbies dapecin st these shalicw depths. The water tahie was 3Ot &B-
coantered et the well polats bad boes drivea s depth of epproximately 12
fost below siverinvel * ©* o,

Excapt in & small aree pear the right bask, where several foet of oilt bad
accamtinted en the river botiom. the thicknesm of the chaspel seal at the prode
siiee was nowhere greater than about soe fool. At most of the test sites, the
standing wator ia the probe diained out after cunily abeut 8 to 10 inches of
pensivation 1nts the channel bottem. The deponits below the chanmel seal were
Jound to be Xighly parmesbie and cartied water away as rapidly as it could be
poured {nio the pipe © * °.

At the Infiltration-test site. the water table was encountered belew the channal
flear at Aepths that varied frem as Mtile as three feet In wells in the deepest part
of the chasae! 10 1s aunh a3 12 firat tn wells aleng the viver's adge ®© * ©,

The most digaificant feature of the natursi prvfile is the watrrtzble ridge
whess et is alment directly delow the doepest part of the river chammel. This
crest yegresesty the highest elevative of the water table In (he area and fhe
flow of ground water mast, therefore, be away from it * ® &

In May 1008, after svversl months of witer-leve, and rewperatnre sbierva-
tieas, ayrengements were made o remove (he riverbottom wsal in a strip 20
fout wide snd 300 faet 1cag, svicaied parullsl t» the shorciine and located abeut
40 fest frum the Inf bank * * °.

Ou Moy 21, 2 threequartar-surd drugiine. eperating from the loft bunk. begaa
cutring ints the chansel Soer nosr well. 13 [aomber nol In acrevdance with sysiem
wied I» present repert] and about 40 fest of shore. The firee attamapts to remove
materia]l frem the rfver botiem were umaccesssful and the dragline dacket
contained practically »e mewrial when taken sat of the water. This dificaky
8 Wweaking through the “crust™ om {be river bed had been saticipared by the
dregling operators and by enginsers and cther comstruction workers familiar
withthoriver * * =

The cutting tecth op the dragiine bucket were then inverted to provide a mare
mtisfactory bite. Afer spe or two cuts which brought up 2o material fram the
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channel floor, the cutting teeth finally pemetrated the deposiis and the bueket
was removed from the river parily filled with silt, aand, and graval. The next
fetw bites into the channel floor were made ot about the same location and the
bucket was brought up full or partly full each time, After making a total
of five or 8ix euia, the operation wan suspentded temporarily to permit watsrievel
measuyrements to be made in seversl of the nearby obscrvation wells * * *.

The materials brought up from the firat few cuts o the chaime! Anor conaisted
chiefly of very coarve sand and gravel, with cobbles up to about six inches in
diametax. Many of the pebbles and cobbles were statned dark black and
the finer sund and gravel had a pronounced black appearance. Af{er brie? ex-
powore to air and sunlight, the black eolor faded almoet completely. The sedi-
memts brought up later from several fect below the crust were texturally similar,
but were 11ght gray in color instead of black.

Withip & matter of minutes after the channei-bottom seal had beon penetrated,
water lerels in nearby obrervation wells begins to rise ay o resulr of increased
river inflitration * * *,

¢ * % Water tevels in wells vory close to the dredged ntrip reached their high-
cat leveln on the last day of dreodglng operstion, when infiitration rates woere
probably at & maximum, A slow decline of water levels in these wells began
shortly thereafter * ¢ *,

The reiatively impermegble river-bottom seal or crust that oceurs ln places
in the Miami River greatly retards the vertical seepape of water. Although the
experimental dredging operation temporarily removed the real in & small ares,
sbssquent ficod fiows tended to quickly reseal the dredged cut with allt Thus,
it seemy likely that dredging opecations would have to be carried om ahmast
continuonsly If any lanting 1nerease over the netoral rate of infitration were to
be attxined ¢ ¢ *,

Increasing the rate of river lufiltration by dredging in the losing stream nreas
would rabe ground-water levels by only moderate smounts. The maximum rise
of water levels would he no greater than the origioal diffcvence between strverm
lerel and the nnderlying water table. In most places, this rise would be an the
order of only a few fewt, although rises of pechaps As much as 25 feet could take
pisce at some sites. Pumping lifts in production wells ncar the river would he
somewhat reduced and the yields would be increased slightly. but as discussed
previously, it 1 thought that a considerable purt of these benefits wotld be short-
Kved

In view of the factors ontlined above, dredging of the chennel fioor will sccom-
pish little more than to raise ground-water lerels locally near the river © ¢ =,

In areas where concentrated pumping has extensively Jowered ground-water
levels. consideration sbould be givem to recharging the underground reservoir
by the baain methud rather than by channel dredging. particularly in areas at
considersble distances back from the Miami River.

EXPERDMENTS AT PEORLA, ILL _
In wiew of the boerd of consultants’ suggestion relative to the pos-
sibility of recharging the aquilers through basins, informnation is pre-
sonted on the results of basin experiments at Peoria, I1. The Illinois
State Water Survey Division conducted infiltration experiments over
a period of several years, beginning in 1951, in two shallow recharge
pits dug in glacial cutwash deposits in this heavily pumped industrial
area of the Illmois River valley. Other experiments also made use of
771-016 0—80——¢
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a recharge pit dug by the Bemis Bros. Bag Co. at: Peoria. Results of
this work wers described by Suter and Harmeson (1960) im e bulletin
of the Illinois State Water Survey.

Filter materials, consisting of severa] sizes of sand and of sand snd
gravel mixtares, were placed on ths pit bottoms in the Peoris experi-
ments, aad river water of varying rempernture and turbidity was
channeled into the pits. The filter materials were cleaned or replaced
several times in the course of the experimenis to discover which ma-
terial bad the lesst tendency to become clogged by the sediment in
the river water. The authors stated (1900, p. 31) that:

In gemaral ¥ bes born obesrved that the types of st melerizshs in the river
govern the afiscts ep recharge to an extent egualing or exceeding the tarbidity
coucentrution. Streng winds creste waves which scowr the fine mudn from the
bottom of Peoria Laks Twrbidity croaied In this menmer was prenisteant and
rapidly cleggad the fiMering surfoce of the recharge pitx In mamy instances,
higher concpatrations of turbidity whick were cauvsed by excegsive storm romell
were lass parsistant ad had lese effect st the recharge rate.

Seter and Harmeson (1980, p. 45) summed up the results of the
Peoria recharge-pit expsriments as follows :

The prebiem of finding & mothed of recharge to meet the needs pecoliar te
Peoria et beea solved By mssns of pits, artificial recharge s condected ot
high fufitvation refes; opersting costs are low i compariese to the cost of
treating river water for direct tee ; prectical metbods of maintatning sstisfacteory
infiitration rafes Mave besmm developed ; groumd-watrr temaperatures bave besn
meinteined withia deuirshie Hmits ; and a significant contribation has been made
touard shepping the receusion af inra ] ground-wurer levela,

Maxismm taditratisea rades of 173 feet por day® bave becn reached fn the
exparimeats]l Pit Ko 2 csmstroctad by the Water Survey, and rates higher than
200 fast por day have hosn achieved in the pit of Bemis Bros. Bag Campuny.
Mean annus! ralss for three seccamive seasols of concurrent eperation of the
two Watar Survcy recharge pita were betwern 1028 and 545 fest por duy in
PR Ko 2 and betwesa 41 2 and SA.7 feec por day o I'1t Koo L

Valnshie informacion bas besn sbizined reistive to eperiting procodures and
costx The cost sammaries show that the operating cost kas been appraximately
twe centis per thousand galloas rerharged. This is substantially less than the
HEmit of six ceats per thousand gulless which had been estimaded as the marx}-
mam io be artractive commercially. The mnit cost of recharge was rodwced
during the years that both pits were operated fir the reason that the guantity
of water recharged wes increased while the ront of supervision of operadion
Temtined almnet canstant It appeare that advantage lies with saannal replace-
ment of Sher mrdis hecamse R enshien higher recherge rates. Unit costs per
Goumsnd gulices recharged were almest identical whether the pit was cleaned
sxnuely or eperated twe or three yeare betweens cleaningn,”

Experisace bas damonatrated (he abliky of pea gravel to sexve s am eUactive
Stratien medle [sic], whils allowing s prectical rate of infitration over long
parisds of time. Bacterial analyses of sampics taken since the pes gravel was

SAnther's note - The Daight of ¢ cstuma of water Jiterfag through » woll of muriace
aves In 3¢ b o0 nSiUratien vuty of 1 X iv eqaal o shoar 032 mpd per scTe.
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first uved have shown no deterioraiion In sanitary quality of the ground water.
Repeated use of the pes pravel cuused no significant reduction in the aversge
dafly rechearge rate in Pit No. 1 aod resulted in slight reductions in the rute of
Pit No. 2 The pea gravel was replaced after three ssesona of use becaune the
concentration of aflt was approaching the saturation limit of its void spaces.

Temporary increases in recliarge rate ean be obtained by removing part of
the sccumulated ailt with a suction clemncr. Although the hemefits of such
cleaning sre immediately apperent, they are ghort-lived ¢ ® »,

The statements by the board of consultants on dredging experiments
at. Dayton and by Suter and Harmeson on the operation of recharge
pite at Peoris, 11, indicate that from an engineering standpoint, both
methods of artificial recharge are probably feasible in the Dayton area.
The problem remains, however, of determining how feasible these
methods are in terms of cost and how to assess the benefits to in-
dividual users.

GROUND-WATER PUMPAGE IN THE DAYTON AREA

The Dayton ares, where the average pumpage in 1958 was about
110 mgd, has the largest concentration of ground-water use in Qhio
and ons of the largest in the Midwest. The populstion and industrial
production of the area are certain to increase during the next few
decadss, and water demands will increase concurrently. The present.
density and distribution of pumpage and the courze of development.
of this pattern are fundamenial to an evaluation of the ground-water
potential of the ares.

The hydraulic properties of the glacial-outwash deposits vary
throughout the arem, and some of the deposits can snstain a higher
rate of pumping than others. Their development, however, has io
some extent been haphezard and has not necessarily been greatest in
the most favorable areas.

An inventory of ground-water pumpage in the Dayton ares was
made in 1964-55 by Mr. Robert E. Reemelin of the Water Conserva-
tion Subdistrict of the Miami Conservancy District. Supplemenial
dute were rollected by the anthors in 195758, which brought the in-
ventory up to date. Ninety-five industries that pump ground water
and three public water-supply systems were surveyed with regard to
average daily pumpage, peak pumpage, and the history of pumpage.

Figures given for the 3 public-supply systems in the area are ac-
curate, us these systems meter their water and mamtsin pumpage
records; however, only 4 of the 95 industries inventoried keep such
records. Figures for the remaining 91 industries are estimntes tmaed
on the number and capacity of welle and the number of hours per day
each pump operates. These estimsates range in accurucy from ex-
cellent to highly questionable. Most of the estimates of present water
consumption are probably fairly accurate, wheress some of the histori-
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cal data are move dubiows. Very little of the information is recorded ;
it is weually kept only i the memory of a plant enginesr or maints-
mance foreman, who may mot remember exactly how much water his
plant used 20 or 30 years ago. While lacking in detail, these figures
do repressnt the order of magnitude of ground-waier pompage in
yoears past.

Use of ground water in the Dayton ares (table 5, fig. 21) has in-
creased tenfold sinee 1900. Gemerally speaking, pumpage was at first
concentrstsd in downtown Dayton and thea spread gradually into the
outlying areas, though not equally in all directions. To facilitate the
discussion of pumpage distribution, the Dayton ares has been divided
imto six distriets (pL 5), within the boundaries of which are the prin-
cipal conters of pumping. Some of ihe larger districts have been sub-
divided becswse pumpage i conomtrated m only a part of the district
or st ssveral soparate centers. District boundaries wherever possible
coincide with mataral feature:, such as streams and the bedrock walls
of the buried valleys, bat in places they are arbitrary.

110 - - T

AVARALR DALY PUMMAGE, IN MILLION QALLONS MR DAY

Fuomx 21— Geound water pumpape in he Dayton area by districts, 1900-38
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¥ear in operation, and wse of

Tabile 6 is & summary of ground- water pampage in the Dayton area,

showing for each district the sversge daily pumpage, ares. and pump-
detailed record of pumpege by districts, showing pumpage in 1838,

age dengity in million gallome per day per square mile Tsble 7 isa
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Darton erea is bounded on the morth and

The Central districx of the
waest by the Miami and Mad Rivers

the rest of the boundary is arbi-

trary—a cirele of 1-mile radius whose center is at the oorner of Third

and Main Stwrests.

It might be expected that the Central district woald be the first to
undergo significant ground-water development, buz it hasnt. By

1900 the district was fairly well developed residentizlly and com-
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mercially, and litile room rensined for indusiry. The earliest indas-
tries were located in the Yes and South Park districts. The two large
plants in the Central district, the Frigidaire and Delco Products
Divisions of General Motors Corp., began operations long after 1900.

Pumpage has increased at a stendy rate from 0.08 mgd in 1900 to
10.21 mgd in 1958. The Central district accounted for only 0.8 percent
of the water pumped in the Dayton area in 1900, but this percentage
had risen to 9.3 by 1958. Most of the percentage increase occurred be-
tween 19000 and 1920; from then to the present it hag been in the range
of 6-10 pervent.

The pumpsage density of 5.7 mgd per sq mi for the Centrs) district i3
well above the average of 2.5 mgd per sq mi for the Dayton ares s a
whole. Forty establishments in the district withdraw ground water,
but only two—the Delco Products and Frigidaire Divisions of Gen-
eral Motors Corp.—use 1 mgd or more. A large part of the water
pumped in the Central district is used to air-condition office buildings;
henoce the daily pumpage during the summer far exceeds the average
daily figure, which is based on the entire yesr.

The Central district, already saturated with commercial and resi-
dential esinblishmenta, i3 not likely to undergo extensive industrial
development. in the future. Any increase in pumpage here will likely
e due to incressed air conditioning of office buildings and will be small
compared to increases that ere likely to occur elsewhere.

EAST DISTRICT

The pumpage history of the East distriet can be virtunlly equated
with the history of the Dayton municipal water system. Formerly, all
the municipal wells were locuted hers: this situation recently changed.
when the Miami River well field, in the North district, began opera-
tion. The East district sustains very libtle pumpage oiher than from
the mumicipal well fields.

Pumping of ground water by the municipal system begun in 1569
from lerge-diameter dug wells at the corner of Dutoit and Bercon
Sireets, and 2 vears lster new wells were drilled at the corner of
Keowee and Ottawa Streets. In 1887 u group of 8-inch wells was
drilled along the Mad River just east of the main pumping station at
Keowee Strest. The number of wells incressed with the city’s popula-
tion and water demands (Norris and others, 1848, p. §2-56). The “old
main group,” begun in 1887, expanded to #4 wells and by 1809 was
supplemented by another group of 6 wells, the “aqueduct group.™
From 1914 to 1918, 28 wells were installed at Taitz Hill and 11 at
Fastwood Park. In 1926 development began of the present well field,
contered at Rohrers Island. Drilling of additional and more efficient
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walls there and along the banks of the Mad River has browght abouz
gradual sbandomsnent of the clder wells from 1928 to the present.
Municipal pampege has spread from the area of the Keowes Strest
pu=mping Ration eastward slong the banks of the Mad River, until
now nearly the entire East district along the river is within the ares
of inflwence of the municipal wells.

Systemsric records of memicipal pumpage prior to 1910 are mot
avuilable. In 1910 the municipal wells yielded an average of 8.53 mpd,
or 5.3 percont of all wazer pumped I the Dayton ares. Mumicipal
pumpage, cetimated st shout 3 mgd in 1900, had ineressed to £5.75 mgd
by 1968. The percentage of all water pumped in the Daytom area that
is pumped by the municipal fields has decreased to sbout 40, whereas
pumpage by privaialy owned industirial and commercial establishments
has greatly increased.

Pumpage in the East district other than that from the munieipal
wall fields has never totaled more than sbout 8 perceat of the water
pumped in the Dayton ares.

The avarage of 45.8 mgd pemped by the Daytom municipe! water
system came from three centers (pl. 5). About $7.8 mgd came from
43 wells at and near Rohrers Isisad, abowi 5 mgd came from 5 wells
along the south bank of the Mad River at Taits Hill, and about 3 mgd
came from one well near the water-treatment. plant, on the sosth bank
of the Mad River east of Keowes Strest. Pumpage from other
establishments, mostly small industries, totals sbout | mgd, & relatively
inmgnificant figure campared with the manicipal pumpage.

Pumpage demsity for the East district is 6.43 mgd per sq mi, well
above the average for the Dayton area. A better ides of pumpage dis-
tribution in the East district cam be obtained by dividing the district in
two along s line approximately nores! to the Mad River at Tasts TTill.
The eastern part of the distric:, which inrludes all the manicipal wells
at Rohrers Island, has an area of £.36 square miles, sustaing an average
daily pumpage of 38.55 mgd. and has a pumpage density of 8.38 mgrl
per sq mi. The western part has an area of 2.88 square miles, sustains
an average daily pumipage of 10.18 mgd, and has a pumpage density of
3.54 mgd per sgmi. These figures clearly show that the eastern part of
the district sustaims far moce pumpage than the western part. The
eastern part has the highest pumpage density in the Duyton area,
wheress the western part has a considerably lower demsity.

If any pert of the Dayton area can be sid to have reached its max-
imum fessible pumpage, 1 is rither the esstern part of the East
district or the Sowth Perk district. If pumpage in the first area were
substantially increased, excessive drawdowns aed = higher cost of
hft would result. Ofcial: of the city of Dayton have recognired that
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tho well field in the vicinity of Rohrera Island is being pumped near
its capacity, and they sre therefore developing a well ficld adjacent to
the Miami River north of Daytion to meet future demands.

NORTH DISTRICT

No pumping of ground water is known to have taken place in the
North district prior to 1820; furthermore, pumpage did not exceed 1
mgd until the period from 1940 to 1950. By 1968, it had increased to
3.08 mgd, or nearly 3 percent of the total pumped in the Dayton aresa.

The North district is largest (15.18 sq mi) of the six divisions of the
Dayton arese. Only 3.38 square miles in the industrial part of North
Dayton (pl. 5) sustains substantial ground-water pumpage. With an
average pumpage of 3.06 mgd, this district has a pumpage density of
0.2 mgd per sq mi, the lowest computed for any part of the Dayton
area.

In view of iiz particularly low pumpage density, the North district
is one of the most promising parts of the Dayton area for future de-
velopment of lsrge ground-water supplies. The city of Dayton’s
Water Depurtment purchased land north of Dayton, along the west:
bank of the Miami River, and is developing a new well field, which
went into limited use in 1960. When the new well field is fully de-
veloped, the North district will undoubtedly be among the more
heavily pumped partsof the Deyion area.

WEST DISTRICT

During the past 80 years the West district has accounted for a sub-
stantial part of Dayton's ground-water pumpage. Prior to 1930 most
of this water was puinped by the Aetna Faper Co, whose average daily
pumpage, 3.5 mgd, has remained virtually unchanged since 1900.
Many compenies, engaged in different industries, have since located in
the West district and in 1958 the average pumpage had increased from
the 3.5 mgd of the Aetna Paper Co. to 13.86 mgd. The West district’s
percentage of the water pumped in the Dayton urea has declined, how-
ever, from 335.3 percent in 1800 to 12.5 percent in 1958. This does not
Toean to imply that the West district has correspondingly dropped in
importanoce as & supplier of ground water. In the late 1920%s, industriul
expansion began there in earnest, and since them the district’s per-
centage of the total has not declined appreciably(iable 5, fig. 21} : it
even ross to 172 percent temporarily in 1940.

In 1938, 20 establishments accounted far the average daily pumpage
of 13.86 mgd in the West district. Three of these—the .Aetna Paper
Co., the Dayton Tire & Rubber Co., and the Delco-Moraine Division of
Genera]l Motors Corp.—each have an average daily pumpage in ex-
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cessof 1 mgd. With the exception of these three large plants, pwmp-
age is rather evenly distributed through the eastorn part of the West
distriet.

The ssstern part of the West district, sn ares of 3.01 square miles
(pL. 5), had a pumpage deasity of 2.77 mgd per sq mi in 1838, which
is nearly the sverage for the Dayton area. The district as a whale
had & pumpage demsity of 1.88 mgd per sq mi.

Pumpage in mwch of the West district is near its pructical limit ;
hewever, close to the Miami River it could be incressed without caus-
ing axcessive drawdowns.

SOUTH FARK DISTRICT

The National Cash Register Co. has accounted for the balk of
ground-water pumpage in the South Park district simoe 1900. Its
pumpage incressed from sbout 1 mgd i 1900 to an average of 6.5
mgd in 1968. Begimming in 1927 the Oakwood municipal waterworks
has withdrawn an average of 0981 mgd, in eddition to pumpage of
The Natiomal Cash Register Co. This figure hes remained comstant
despite the increnss in Oakwoods population. The pumping capacity
of the Oakwood waterworks is limited by its location mear the edge
of the buried valley, where the permeable sand and gravel deposits
are relatively thin and are 100 far from the Mismi River to receive
recharge from infiltration. The additional water demands have beem
met by purchase of water from the city of Daytom and the Montgomery
County Senitary Department.

The percentage for the South Park district of all water pamped in
the Dayton ares dropped from 10.5 percent in 1900 to 6.1 percent in
1988; this dechine reflects the relatively more rupid industrial expan-
sion of other districts.

The Nations] Cash Register Co. pumps its average of 6.5 mgd fram
nime wells distributed through the north half of the district. The bukk
of its pumpage comes from thres wells north of Stswart Street near
the east bank of the Miami River. The Oakwood waterworks is lo-
cated near the southeast border of the district

The pumpage deasity in the South Park district s 580 mgd per
aq mi, well above average for the Dayton area

The South Park district is not likely to experience much increase
in gromnd-water pampage in the future. Drawdowns in ihe Kational
Cash Regisver Co. wells are already 5o great that plant engineers feel
it would not be predent to pump more water. Many test wells have
besn drilled throughoat the district with generally unfavorable results.
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MORAINE DISTRICT

No signifieant. pumpage of ground water in the Moraine district was
recorded prior to 1015, when the plant now belonging to the Frigidaire
Division of General Motors Corp. started production with an mitial
average daily pumpage of about 1 mgd. T.ate in the 1920’s the Frank
M. Tait Station of the Dayton Power & Light Co. began operation,
and in 1930 it and the Frigidaire Division plant together pumped an
avernge of 6.5 mgd. Since World War LI, pumpage in the Moraine
district, has shown » spectacular increase—from 8.58 mgd in 1940 to
99.83 mgd in 1958.

In 1952 the Lamme Road well field of the Montgomery County
Sanitary Departmont began pumping at an average rate of 2.4 mgd,
which had increased to 3.37 mgd by 1958. A small but undelermined
part of tha tota) during the period 195638 was pumped from the well
field at Dryden and Sellars Roads.

The Moruine district has shown the most rapid rise of ali the dis-
tricts with respect to percentage of water pumped im the Dayton area.
Pumpuge in this district increased from only 4 percent in 1920 to 27.0
peroent in 1958.

Pumpege in the Moraine district is largely concentrated at the north
and south ends of the western part. (pl. 5). The three principal estab-
lishments which account for 85 percent of pumpage in the district are
the Frank M. Tait Station of the Daytan Power & Light Co. at the
north end, and the Frigidaire Division of (Genersl Motors Corp. and
the Montgomery County Sanitary Departiment well fields at the south
and.

An accurate representation of the pumpage density in the Moraine
district is difficult to constrnct. The density for the entire district
1s 284 mgd per 8q mi. Excluding the eastern pari (pl 5), which
austains no substantial pumpege, the rest of the district has s pump-
age density of 5.03 mgd peraq mi. Even this figure is not completely
representative, owing o the uneven pumpage distribution discussed
above. Compuiing the pumpage densily of arbitrary arcas around
these pumpage centers would be misleading, owing to the difficulty in
defining bonndaries for such areas. Suffice it. i0 say that the pumpage
density eround the two principal centers of pumpage is considerrbly
higher than the average for the district.

Pumpage in the Moraine district will probably continue to increase,
though perhaps not at the phenomenal rate from 1940 to 1958. The
eustern part of the district probably won't share in the expansion, as
it is almost entirely residential. The rest of the Morsine district,
however, has much land suitable for industrial growth. Even the
present pumpage centers can stand some further development without
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excessive drawdowss. The Moruine district is probably desiined for
more industrial growth than any other part of Dayton, and ground-
water pumpage there can be expected to increase accordingly.
Passibly the greatast expaasion of ground-weter pompags in the
future will result from imcrease in owtput of the well Gelds of the
Montgomery County Sanitary Departmeat. This pabhic-sopply sys-
tem, whose pempege grew from nothing in 1831 to 5.37 mgd in 1938,
seesns destimed for further expansion. The county i3 comstantly ex-
tending its water mains to nsw areas; almost all new housing develop-
ments in Montgomery County south of Dayton will be served by the
system. To meet thess imcreased water demands, the county is de-
veloping a new well field south of Miami Shores (pl. 5). Conceivably
this systan cowid attain the magnitude of the Daytom mumicipsl
watsr system.

GROUND-WATER LEVELS IN THE DAYTON AREA

The meed for systemstic water-level records is seldom recognized
until long sfter pampage has become intensive. This is indeed true
in the Dayton sreas, where the longest continuous water-level resord,
that of obssrvation well Mt-2, dates from 1948: most of the others
begin in 1945 or later. Thos ground-water levels cannot be socarately
relsted to increasing pumpage except in the more recent yeara

A well-rouaded program of water-ieval record should relste weter-
level messurements (o both time and area. The importance of the
time elernent wan recogmised whem, in 1942, the cooperative observa-
tion-wall program was begun by the Ohio Enginesring Experiment
Station and the U-S. Geological Survey. In 1948 this program was
expanded and made permanent (Kaser, 1856, p. 1). In more recent
years & fow of the larger industries and public water supphiers have
recogmised the need for systematic water-level records and have estab-
Eshed their own cbservation wells.

Necomary though it i, the obaervation-well program does not fully
wmeet the nead for water-level information in s large sad hydrologically
complex ares such as Dsyton. Here enters the element of area. At
best, the half dosen or so observation wells in the Dayton area provide
a continwous record of the water level at only a half dosen or s0 loca-
tions. These few poimts are not sufficient (o define the piszomstric
surface of sa extensive squifer and its many centers of pumpage (pl.
3), and the cost of drilfing and maintaining » sufficient number of
cbesrvation wells would be prohibitive.

The element of area in water-level records was considered durmg
the present investigation. In the spring of 1955, Mr. R. E. Beemelin
of the Water Conssrvation Subdistrict measored the water levels of
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about 80 wells in the Dsyton arcs. In 1938, personnel of the T.S.
Geological Survey resumed measurement of these wells in the fall and
spring of each year. Plares 7 and 8 show the configuration of the
piezometric surface of the lower aquifer in April 1958, when water
levels were relutively high, and in October 1960, when they were gen-
erally low.

WATER LEVELS FRIOER TC INTENEIVE PUNPING

Pricr to pumping, the water level in the valley-fill deposits of the
Dayion area probably ranged from 5 to 20 feet below the land surface.
The Mad River valley in the Feirborn arer, northeast of the Huffman
Dam, is probably hyd:olog'lca.ny similar to the Dayton area prior to
the begmmng of pumping. There the piezometric surfsce is about 10
feot below the land surface (Walton and Scudder, 1960, pl. 3).

Few water-level records prior to 1942 are available. A hydrograph
of the Shaw Field well 103 ¢ of the National Cash Register Co,, for
the period 198340, is shown on pl. 8. The aquifer in the vicinity of
this well was already heing fairly heavily pumped during the period
of record, so this record is not representative of conditions prior to
such pumping.

Several wells, now absndoned, completed between 1917 and 1926
at the Moraime City plants of the Frigidaire Division of General
Motors Corp., had static levels ranging from 4 to 12 feet below the
Iand surface at the time of drilling. These levels indicate that the
piexometric surface prior to the pumping was considerably higher than
it is today. In recent years it has ranged from 20 to 40 feet below land
surface in this vicinity. This decline is the expected result of con-
tinued pumping over s Jong period of time.

Well Mt—49 (pl. 6) is situated far enough away from heavy pump-
ing not to be directly influenced thereby. Probably, howerver, its
annusl summer decline is accentuated by the pumping et Mornine and
at West Carrollton. Its record approximates more nearty than any
other observation-well record in the Dayton area conditions in a
glacial-outwash aquifer not influenced by pumping. The brief record
of Mt-53 (pl. 6) also is characteristic of an area not eaffected by
pumping.

HYDROGRAYHN OF OBSERVATION WELLS

Piezometric surfaces continually change in response to natural and
artificial recharge and discharge. In n humid temperate chmate,
such a8 prevsils in Ohio, the recharge factor normally dominates from
November through April, and the discharge factor usually dominates

*This well, sow sbandoned, was numbered meeordisg to a sten dtfereat fram that
used in the Dresent report
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from Msy through October. Of course. the norm is not always at-
tained, as examimation of the hydrogrsphs (pl 6) reveals. An ab-
normally dry year, such as 1954, causes the pissometric surface to
drop far more than weual, whereas s year with above-normal precip-
itation, snch a8 1957, brings sbout & greater than normal riss. Over
a period of ssveral years, however, these devistions tend to aversge
out. This anamal recharge-discharge cycle s the dominant featwre
of most kydrographs of wells in the Daywon ares.

Hydrographs are especially vsluable in that they can indicate long-
term overdraft from am aquifer. In s heavily pumped aquifer the
natural decline during the sunmer is usually intensified by the saper-
imposing of artificial discharge (pumpege) on the natural discharge.
Moreover, peak pumpage, brought about by the use of water for air
conditioning and irrigation, ususlly occure dering the swmmer, fur-
ther intemsifying the decline. If over a period of ssveral years the
water level of 2 well is lowered each summer more than can be made
up by recharge the following winter, water is said to be “mined,” and
ths result is a water deficit which cannot easily be made wp.

Records of cbeervation walls in areas of indusirial or cosmmercial
pumping typically have daily aad weekly cycles of fluctuation saper-
imposed on the anroal recharge-discharge cycle. Pumping is usually
heaviest during the normal working hours on weelodsys and is lightest
on weekends ; therufore, water levels in the cheervation wells will show
a decline during the daytime followed by a recovery at night each
weekday, and a greater recovery cach wesktend.

The hydrographs of 12 obsssvation wells in the Dayton area are
presented on plate 6. Of these records five are carrently maimtained
by the Division of Water of the Ohio Department of Natural Re-
sources in coopsration with the US. Geological Survey, thres were
formerly maistained by industries or public water suppliers, and one
was formerly maindained by an indwetry. Only current recosds and
athers of several years® duration are presented herein. Complets lizts
of water-level records in the Dayton ares are given by Kaser (1938,
P 91) sad by Rarris, Cross, and Goldthwait (1948, table 1).

Some festares common to most of the Momtgomery Couaty hydro-
graphs are here summarized to avoid repetitiom in the individual
discussions of wella Precipitation appesrs to rea in cycles of feast
and famime (pl 3). During the period of current chesrvation-well
records, the years 1947-50 had precipitation well above normal.
whereas 1953-56, and particularly 1953-51, had precipitation well
balow normal. The period 1957-59 was one of sbove-normal meinfall,
and 1960 was deficient. There conditions are reflacted im most of the
obeervation-well records. Particularly evident are the small amount
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of recharge in 1933 and 1934 and the immediate response of some wells
neer rivers to the heavy rainfall und resultant floods of 1957, 1958,
and 1859,

OBSERVATIOX WELI Mt-]

Location.—In Rohrers Island well field of the city of Dayton, Mad
River Township ; see. 18, T'. 2, R. 7, lat 39°43’, long 84°06’, altitude 780
feet above mean sea. lovel.

Description—V nused drilled well of the city of Deyton; diameter
8 inches, depth 57 feet. Sand and gravel aquifer. Measuring point
was top of 8-inch casing ¢ feet above land-surface datnm ; observation
by automatic recorder from March 1942 to November 1943.

Remarks—This well shows water-level fluctustions in the upper
aquifer (Norris, 1958, p. 3-4). The frequent abrupt fluctnations of
the water lovel of this well are due to variations in the distribution
of pumping and changes of bead in the artificial-recharge pits at
Rohrers Island. Despite the influence of nearby heavy pumping, the
wnter teble in the upper aquifer is maintained at & fairly high level.
(wing to theee artificial controls, this record is not at all repreeentative
of waler levels in the Dayton area. It is the only record here where
artificial factors dominate over the annual recharge-discharge cycle.

OBSERVATION WELYL Mi-8

Location.—Steam-distribution plant (Fourth St. Sta.) of Dayton
Power & Light Co, in downtown Dayton, sec. 4, T. 1, R. 7, Iat 39°45°,
long 84°11’, altitude 740 feet above mean sea level.

Desoription—Unused drilled well of Dayton Power & Light Co.;
diameter B inches, depth 52 feei. Sand and gravel aquifer. Measuring
point at floor of shelter 5.68 feet above Iand-surface datum; observa-
tion by recording gage from May 1952 through December 1960.

Remorks—This well is open either in the lower part of the upper
aquifer or in the partially confining till-rich 2one that separates the
upper and lower aquifers. Figure 22 shows, for comparison, the
recorded water levels for 1 week from well Mt-2 and from well 22,
which is located in the same building but 143 feet deep and screened in
the lower aquifer. The record of well 22 was made at a time when
the pump was removed for repairs. The recurd of well Mt~2 indicates
the same daily cycle cauzsed by pumping, with recovery on the weekend,
but the peaks and troughs are not so pronounced as those on the record
of well 22 and are slightly delayed. Furthermore, the water level in
Mi-2 is consistently sbout 114 feet higher than that in well 22. Mt-2
shows the genera] water-table trand in its vicinity; well 22 shows the
altitude of the piezometric surfuce of the lower aquifer.

ITT0150- 4 .0
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‘The inoressing declines each summer beginning in 1948 are dus te
increased pumping of ground water for asir conditioning of nearby
baildings. In years of aormal or sbove-normal minfall, winter
recovery bas been suficient to offset the previous summer’s decline.

OBEEEVATION WELL Mt-9

Lecation—In patk ares stop leves on east bank of Miami River
st corner of Stewart Street and Patterson Boulevard. Dayton; sec. 2,
T LR 7, la 30°44’, long 84°12°, altitade 744 feet above mean see
Jevel

Description—Drilled test well of the Ohio Department of High-
ways; diameter § inches, depth 80 feet. Sand and gravel aquifer.
Measuring point at floor of instrument shelter, 1.2 fieet above land-
surface detum; cbesrvstien by recording gage from November 1945
wDueuﬂclm

Bemerks.—The water level of this well fluctustes in response to the
stage of the MGami River and to heavy industrial pumpege (avg 6.5
mgd) at the National Cash Register Co. plant nearby. This well was
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originally drilled to a depth of 50 feet; it went dry from August
throngh December 1962 and was then deepened to its present depth
of B0 feet. The hydrographs of water-leve! fluctuations recorded be-
fore the well was deepenad and of those recorded sfter it was deepened
are generally eimilar, except that the projected general trend of the
second hydrograph lies a few feet below that of the first. The dis-
placement of the two parts of the hydrograph shows that originally
the well was open in the upper aquifer, and that deepening the well
carried it through the till-rich zons into the lower aquifer, «where water
levels are generally lower.

OBRPERVATION WELIL Mt-§

Location—Kuhns Broa. Foundry, 1800 McCall Street, Dayton, sec.
5, T.2 N, R. 6 E,, lat 39°44’, long 84°12’, altitude T44.1 fect sbove
mean gses level

Desoripiion—Unused drilled well ; dinmeter 6 inches, depth 156 feet.
Lower sand and gravel aquifer. Measuring point at floor of instru-
ment shelter, 1.2 feet above land-surface datum; observation by re-
cording gage from February 1946 to December 1952,

Remarks.—Slight pumpage nearby appears to have little effect on
the snnual cycle of this well, although it does sffect the daily and
weeokly oycles.

Location—Basement of Municipal Building, Third and Ludlow
Streets, Dayton, sec. 4, T. 1, R. 7, lat 39°46”, long 84°12’, ulitude T40
feet above mean sea level.

Description—Unused drilled well of the city of Dayion; diameter
8 inchea, depth 60 feet. Sand and gravel aquifer. Measuring point
at floor of instrument shelter, 13.0 feet. below land-surface datum:
observation by periodic measurement from February 1940 to May
1947 and by recording gnge from May 1947 through December 1960.

Remas ta—Long-term fluctuations are in response to the annual
recharge- lischarge cycle, with the summer diecharge accentuated by
nearby pu. nping for air conditioners. Althongh this well is of about
the same ¢ ypth as Mt~2, it is highly sensitive to nearby pumpmg be-
cause it is 6 reened in gravel between two fairly widespread till shects
that here o tstitute the till-rich zone. The well is considered, same-
what arbitrd -ily, to be open in the upper aquifer.

OBSBERVATIOY WELL MiL-8

OBSERVATION WHLL Mt-49

Looation.—Barnyard ut northeast corner of Farmersville-West
Carroliton Road and Bultimore & Ghio Railroad, in villuge of Whit-
field, Jefferson Township, sec. 26, T. 3 N, R. 5 E,, lat 39°40°, long
8416/, altitude, 715 feet above mean sea level.
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Descripiion—Test well drilled on property of Mr. E. F. Stenger:
diameter € inches, depth 230 fest. Sand and gravel aquifer. Measur-
ing point at floor of imstrament shelter, 2.5 feet above Jand-surface
datum; chearvation by recording gage from November 1947 through
Decemsber 1960

Roemerks —M0-49 responds principally to the ansual recharge-dis-
charge cycle, and to changes of stage of the Xiami River, about half
s mile distant. Regional pumping wpstream may sccentuste the sum-
mer discharge, but this is difficult either to prove or to disprove. This
well is cutside the area of the present investigation but is & good index
of groand-water levels in areas not directly affected by puraping.

GRSERVATIOY WELL Mi-51 (888)

Loostion.—South side of plaat No. 2, Frigidaire Division, General
Motors Corp., west side of Springboro Pike (South Broadway) just
east of New Yock Central Railroad in Mismi Township, sec. 16, T. 1,
B €, lat 39°42’, long 84°13’, altitude T25 feet above mean sea lovel.

Descrigtion—Uxweed drilled well of the General Motors Corp.:
disspster 8 inches, depth 118 feet. Lower sand sad gravel aquifer.
Measuring point st top of instrument platform, 20 feet below laad-
surface datem. Obeervation by recording gege May 1958 te Jeme
1960. Maimtained by Chio Division of Water in cooperstion with
T.8. Geological Survey from May 1953 to April 1955 and designated
Mt-31; msintained independently by Frigidaire Division from May
1963 to June 1900 and designated 563.

Remerks —This record is inflaemced by indusirisl pumpage of the
Frigidaire Division plants, snd to & lesser degree by pumpage at the
Lamme Roed and Drydea Boad well fields of the Montgomery County
Senitary Department. Despite its prozimity to ame of the largest
conosnirations of pumpage in the Daytoa area, no persistemt down-
ward tread has besm noted ia well 563. During the floods of 1957,
1968, aad 1969, the offects of recharge from the Miami River, about
a mile distant, were very rapid.

GBSERVATEOR WERIL Mt-88

Leostion.—In Miami River well field of the city of Dayton, 1,250
fest southwest of third tura in Beardshear Road, 900 feet west of
Miami River, Harrison Towaship, sec. 12, T. 2 K, R. 6 E, lat 39°48’,
long 84°0F, altitude 749 feet above mean sea lovel.

Desoription.—Drilled well, to be put into production as well 1 of the
city of Dayton ; diametor 38 imches, depth 106 feet. Lower sand and
gravel squifer. Observation by recording gage from March 1957
to July 1969,
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Remarks —Mt-53 fluctuated largely in response to changes in stage
of the nearby Miami River; there is no pumping within the area of
influence of this well. The record of Mt-53 is probably representaiive
of conditions in the valley-fill aquifers of the Dayton area near the
mmjor streams prior to heavy pumping.

OBSERVATION WNLI M-»

Looation—In Lamme Road well fleld of Montgomery Connty
Sanitary Department, Miami Township, sec. 10, T. 1, R. 8, lat 39°42°,
long 84°13’, altitude 743.5 feet above mean tea level.

Description—Drilled test well owned by Montgomery County.
Sanitary Department; diameter 6 inchea, depth 133 feet. Sand and
gravel aquifer. Observation by recording gage msaintained by Mont-
gomery County Sanitary Department from February 1934 to June
1960.

Remarks—Well M-9 is surrounded by the pumping wells of the
Lamme Road well field. The somewhet complicated hydrograph is
due to alternation in pumping of several nearby wells at different die-
tpnoes from M~-9. Although well M-9 is more than a mile from the
Miami River and the wells of the Frigidaire Division lie between it
and the river, M-9 responds to floods, though not so rapidly as does
well 563.

OBSERVATION WHLLS 330 AND 381

Location.—Ay Tait Station of the Dayton Power & Light Co., Car-
illon. Boulevard and East Biver Road, Dayton, sec. 8, T. 1, R. 7, lat
39°43’, long 84°13’, altitudes 730 feet (530) and 727 feet (631) above
mean sex level.

Deseription~Two test wells of the Dayton Power & Light Co.;
both 2 inches in diameter and 120 feet deep. Lower sand and gravel
aquifer. Measuring point top of easing, at land surface; observation
by weekly measurements by Dayton Power & Light Co. personnel from
March 1946 to May 1960.

Remarks.—These two wells are effected by pumping at the Tait
Station of the Dayten Power & Light Co. and by changes in siage of
the Miami River, about 700 feet distant. The sbrupt rise in water
levels in response to the floods of 1957, 1958, and 1959 is evidence that
the hydraulic separation of the upper and lower aquifers is not com-
plete. (See also geologic section D-D”’, pl. 3.)

FIZZOMETRIC-CONTOUR MAPS

Plates 7 and 8 are generalized contour maps of the piezometric sur-
fzce of the lower aquifer, based on water-level measurements made in
about 60 cbservation welis in the Dayton ares in April 1059 and Octo-
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ber 1060. These chesrvation wells had been measured in April 1955
and twice anmmally in 1988, 1959, and 1960. The April 1959 and
October 1960 contour mape were selected for inclusion in the report
becames they represent generally the highest and fowest water levels

Tn most places in the Dayton ares the outwash deposits are separated
into an wpper and » lower squifer by partially confining layers of
clay-rich nll. Nearly all the industrial supply and mach of the mwmi-
cipal sapply comes from the lower sand and gravel aquifer, st depths of
100-800 feet below the flood plsin of the Miami and Mad Rivers
In aress whete the lower aquifer is being hesvily pamped, the piezo-
metric surface of this squifer is severnl fect lower than the waver
table of the upper aguifer. YWhere the lower aquifer i= not being heav-
ily pumped, Lttle if any head differential exists

The piesometric maps represent a compromiss with the sctus!
hydrologic conditions as previously described. A liversl represents-
tion would require separate contour maps of the upper and Jower
squifers for each time of messurement. Not cnough observation wells
tap the upper aquifer, howerer, to permit constrection of sach a map
for this aquifer. Therefors, the maps accompanying this roport are
based largely on wells in the lower squifer. supplernented by records
from s fow wells in the upper aquifer whers no head differential or
Do separstion is believed to axist. The maps are considered to be repre-
sentative of the static water levels of most wells in the Dayton area.
Streams are not trested az rechsrge boundaries owing to the almost
complets isolation of the lower aquifer from the principal streams
of the ares. The bedrock walls of the Miami and Mad River valley=
are arbitrurily selacted as the limits of the cantoured ares.

The gemeral configuration of both mape is the sume. The pieso-
metric surface of the lower equifer in ths pert of the Deyton ares
affected by pumping ranges ia depth from 20 to 30 feet below the land
sarface. In parts of the ares not affected by pumping it is usualiy at
a depth of less than 20 feet. Four major canes of depression are evi-
deat on both piezametric msps- One cone s ai the Rohrers Island
well Sald of the city of Daytom, in the rastern part of the Fast distrier.
The second and largest cone m the Dayton area inclades the Central
aad South Purk disriots, the eastern part of the West district, and
the northernmost part of the Mornine district. It reaches itz lowest
point in the wellfield of the National Cash Register Co., in the South
Park diutriet. The third cone is at the Dayton Tire & Rubber Co.
plant along Wolf Creek in the West district. The fourth cone, in the

Moraime district, centers around the Montgomery Country Sanitary
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Department well fields and the plants of the Frigidaire Division,
Goneral Motors Corp.

Whater levels in October 1960 (pl. §) were lower thronghout the
area (han they were in April 1959 (pl. 7). The change was far from
uniform, however. It was greatest in the four areas directly nffocted
by heavy pumping and was least in the areas not =0 affecred. Tn the
four heavily pumped areas the difference in altitudes ranged from 7
to 28 feet and avernged about 15 feet. In the areas unafiected by
pwuping the runge was 14 feet. The maximum lowering occurred
at the Rohrers Island well field, where the picxometric surface declined
more than 20 feet from April 1859 to October 1960. The minimum
Jowering of 1-4 feet occurred in north Dayton.

CHEMICAL QUALITY OF SURFACE AND GROUND
WATERS

The utility of water is determined as much by its chemical quality
us by its availability and quantity. Nuatural water from all sources
contains varying quantities of dissolved solids, some of which may be
objectionable or may even render the water unsatisfactory for certain
uses. A lkmowledge of the concentrations of these constituents is
therelors escential in any ground-water study.

Western Ohio is underlain mostly by carbonate-rich materials.
The bedrock consisis chiefly of limestone and dolomite, from which
the surficial deposits were largely derived. Naturally ocourring
water lends to reflect its chemical environment. and both ground and
surface waters in the Dayton area contain a relatively high proportion
of caledum and bicarbonate.

In tho preseni inveetigation, +f samples of water from representa-
tive wells in the glacial-outwash aquifers of the Duyion saren were
collected and analyzed; table 8 summarizes the results of tlese
analyses,

Table 9 records analyses of six misocellaneous surface-water samples
from the Dayton arex and environs. Lamar and Schroeder (1931)
summarized the results of a regular surface-water-sampling program
carried on during the period 1946—48 und reported on the quality of
surface water in more detail than is feasible here.

CONBTITUENTE AND PROPERTIES OF NATURAL WATER

The ground-water samples were analyzed for the following: Silica.
iron, manganese, calcium, magnesium, sodium, potassium, bicarbonate,
sulfaie, chloride, fluoride, nitrate, dissolved solids, hardness, specific
conductance, pH, snd color (table 8). The serface-waler samples
ware analyzed for all the aforementioned constituents and propercies
except manganese (table 9). The source of these constituents, the
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CHEMICAL QUALITY OF SUBRFACE AND GROUND WATERS ]3]

factors accounting for the properties, and the signifiesnce of both
with respect to the various uses of water are discussed briefly. Hem
(1959) presented a fuller discussion i his study of the geochemistrv
of natural water.

BILICA (810,)

Siltcon is second to oxygen as the most sbundant element in the
earth’s crust. It occurs in nature in the form of the silicate radical
(Si0,) or assilica (8i0y). Silica has a low solubility, but /]l natural
water containg amall qoantities of it. The silicia content of ground-
water samples from the Dayton area ranges from 8.8 to 18 ppm (parte
per million) and averages 14 ppm. It can cause the formation of a
hard scale in boilers, particulsrly in high-pressure boilers.

IROY (Fe)

Iron is present in ull rocks and cansequently is » constituent of nearly
all natural water. Iron conoentratian in the ground-water samples in
the Dayton ares ranges from 0.00 to 8.5 ppm and sverages 0.66 ppm.
A concentration of about 0.8 ppm or grester stains enamel, porcelain,
and clothing, Iron concentration in excess of about 0.5 ppm gives
water an unpleasant teste but causes no deleterious physiological
effects.

The presence of so-called “iron bacteria” mn wells and water-trans-
mission lines creates a special problem. Tron bacteria are not true bac-
teria but are living organisms often found in natura] waier. Speller
(1935, p. 187-188) reported that they depend upon iron for existence
and thrive in slightly acid water contasining 2 ppm or more iron.
Crenothriz is probably the most common of the several iron bacteria
known. Metallic and nonmetallic materials that carry water con-
taining iron bacteria become costed by nodules of ferric hydroxide or
by & slimy scum impregnated with ferric hydroxide. The water may
become colored red. and its rate of flow may be affected by the activity
of these organisms. They are responsible for one of the major water-
treatment problems in the Dayton area but can be checked by certain
methods. The Dayton Power & Light Co. chlorinates its water
to kill the bacteria and adds a polyphosphate compound to keep the
iron in solution.

MANGANKSE (Ma)

The concentration of manganese in water is generally less than
that of iron; however, the effects of the two constituents are similsr.
Of the 44 ground-water samples analyzed, 30 have a mneasurable con-
centration of manganese, ranging from 0.01 to 0.50 ppm and averaging
0.08 ppm. The manganese concentration of 18 samples equals or
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exoeeds the US. Public Health Service { 1982) recommended limit of
0.05 ppm-
CALCTCNM (Ca)

Caleium is one of the major constituenta of natural water in a lime-
stone terrans such as that in which the Dayion area is sitnated. Com-
centrations of ealciam in the ground-warer samples analyzed range
from 60 10 131 ppm and average 95 ppm. Calcium snd megnesium
are the principal canses of water hardness; their effects are discussed
sader the heading “Hardness.”

MAGNESITM (Mg)

Dolomitic rock or unconsolidatedl materials derived therefrom are
the principal soures of magnesium. Concentrations of magnesium jn
the ground-water samples from the Deyton area range from 29 to 46
ppea and average 38 ppm. The effects of magnesiwn on ground water
are discussed ander “Hardness.”

SODIUM (Wa) AND POTASSIUM (IO

The alkali metals sodinm and potassium are discossed together,
as their source and effects are similar. Sodium is generally the more
abundant of the two and is mare easily dissoived from the source rock.
Combined concentrations of the two metals in the growsd-water
sanples analyzed range from ¢ to 43 ppm and average 18 ppm.  Al-
though relarively low, these concentratians of the alkalies are sufficient
to canse undetirsbhle effects in some uses, fuch as in high-preseure
boilesn.

BICARBONATR (HOO)

Water which contains earbom dioxide (CO,) disolves the carbom-
ates of calcimn and magnesium from rock, forming the bicarbonate
(HCO,) jon. In a carbomate-rich terrane, bicarbonats is cme of the
major constituents of natural water. Conocentrations im the ground-
water samples analysed range from 2638 to 470 ppm amd average 360
ppm. At high tempersture: in boilers, the bicarbonale decomposes to
yield earbon dioxide, which is corrozive.

SULFATS (80

Suliate in natural water is largely dissolved from gypsum, a highly
aoluble mineral which occurs in the limestanes and dolomites of weet-
ern Ohio. Concemtrations in the ground-water samples analyzed
range from 21 to 180 ppm and sverage 80 ppm.  Sulfate causes much
of the noncarbomate hardness of water. Salfate combimes with eal-
eium to form hard scsle in boilers and in other heat-exchange equip-
ment. The US. Public Health Service (1962) recomnmends that the
sulfate content of drinking wuter not exceed 250 ppm.
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CIOLORIDE (Cl)

Chloride is 2 minor constituent. of ground water in the glacirl-out-
wash aquifers of the Dayton area. Concentrations in the ground-
water snmples analyzed range from 1.2 (o 67 ppm and average 33
ppm. Al the samples of ground water (table 8) and surface water
{table D) contain less chloride than the 250-ppm limit recommended
by the L.S. Public Health Service (1962) for drinking water.

YIXCORIDE (F)

Minute quantities of fluoride are found in most water from lime-
stone terrane. In the analyses of ground water in the Dayton area,
the fluoride concentration ranges from 0.1 to 1.3 ppm and averages
0.35 ppm. Protracted use of water having more than 1.5 ppm fluoride
can cause mottling of teeth, especislly in children (Dean and others,
1942). The U.S. Public Health Service (1962) recommends that the
average fluoride concentration should not excced 0.8-1.7 ppm; the
figure depends on the annual average of maximum daily air

temperatures.
NITRATE (NO,)

Most of the nitrate occurring in ground wator s derived from soil
in which Jegumes are grown and on which animal excrement and
nitrate fertilizers have been distributed. The concontrations reported
in analyses of the ground- water sumples from the Dayton area range
from 0.0 to 30 ppin and avernge 4 ppm. All these analyses are well
under the tentative limit of 45 ppm nitrate recomnmended by the
U.S. Public Health Service (1062). The presence of nitrate in excess
of this amount in drinking water has been deflnitely carrelated with
methemoglobinemia (cyanosis, or “blue haby” discase) in infants
(Maxcy, 1950).

The three wells {218, 520, C47) that yielded 10 ppn or more of
nitratc are all located newr streams amil probably are receiving re-
charge by infiltration of stream water huving a high nitrate content
due to pollution. All other reported concentrations of nitrate are
below 8 ppm.

DISSOLVED SOLIDS (RESIDUR AT 188°C)

The determination of dissolved solids iz made in laboratories of
the [1.S. Geological Survey by evapornting a suvitable volume of the
sample to near dryness on a steam bath and then drying the residue
in an oven for 1 hour at 160°C (Ilem, 1859, p. 49-30; Rainwater and
Thatcher, 1060, p. 220). Concentrations of dissolved solids in ground-
water samples from the Dayton area range from 274 te 654 ppm and
average 458 ppm. Water having tore than 1,000 ppm of dissolved
solids is generally considered to be unsarisfactory for most. purposes.
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is 500 ppm (US. Public Heslth Service, 1962). Some specialived
indwstrial applications require s much lower concemtration.
HARDNESS

Fc-aymnw’sh:dmhnba.mrdeduunp-
comsuming property. Socap-consuming water comtains caiions, chiefly
cudcium aad meguesiam, that form insoluble compounds with soap.
This traditional comespt is not: mtirely mtisfactory, however, becanse
& grest many coadtituents other than those useslly considered as com-
triboting to hardness will react with sosp. In smalvses by the US. Geo-
logical Survey a standard prooedurs has been adopted (Hem, 1959, p.
148). Ilardmess is reporved under two classificarions: carbonats and
nonoarbonste. These are approximately equivalent to the traditionsl!
tarms “temporary hardness” and “permanend hardmess.” Hardness
that is sttributable to calciem and magnesium is reported as sn
equivalent quantity of calcium carbonate (CaCO,).

Carbonste hardnem of the ground-water samples collected in the
Dayton ares raunges from 909 to 516 ppm and averages 386 ppm; non-
carbonate hardnem of the same sumples ranges from 100 to 169 ppm
sad averages 86 ppm.

Ground water in the Dayton ares is hard by almost any standard.
Trestment is necessary for boiler use sad is desirable for most other
uss. The widespread use of detergents, however, Ins in many in-
stances eliminated the need for softening water wsed for laundsering.
The lime-soda method of tresiment is used by the Daytan water system
to reduce the carbanste hardness to about 100 ppm.  The other public
water-supply systems in the area do not soften their water. Most small
water-gofteaing installstions use the ion-exchange or zsolite method,
whereby the calciwmn and magresimm ions are exchanged for sodium
jons.

@FECIFEC COMDUCTANCE

The conductance of » solution (its ability to condwet an electrical
current) gemerslly @ directly related to 1t» dissolved-solids conteat.
Conductance is the reciprocal of resistance and is messured ia mhos.
the reciprocal of chms As the comductance of al matural water it
wall below 1 mho, it is measured m micromhos (mhos X10°). In water
analyses by the US. Geclogical Survey the specific condooctance is
reported in micromhos at 25°C ( Hem, 1939, p. 38).

Although specific conductancs is not invariably related to the dis-
solved-sofids content of water, it can be used to estimate such comtent.
In the ground-water samples from the Dayion area, specific conduc
tance ranges from 508 to 980 mitromhos and averages 742 micromhos.
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The specific conductance of water from glacial-outwash aguifers of the
Dayton ares generslly is 1.3-2 times the disvolved-solids content.
PH

The pH value (the negative logarithm of the hydrogen-ion concen-
tration) is 8 measure of the acidity or alkalinity of a solution. A pH
of 7.0 denotea . neutral solution, less than 7.0 denotes an acid solution,
and more than 7.0 denotes an alkaline solution. The pH of ground-
water samples from the Dayton area ranges from 72 to 7.8 and s
therefore on the alkaline side of the scale

COLOR

Color is measured by a platinum-colbalt scale, on which one unit
represents the color produced by 1 ppm of platinum. Most color in
natural water is due to the presence of organic matter. In the ground-
water samples from the Dayton area, color ranges from 1 to 6 color
units and averages 3 color units. These vulues ars inzignificant for
most uses of water and cannot. be detected by the unaided eye.

Temperatures of the ground-water samples from the Daytan ares,
when collected, ranged from 50° to 64°F and averaged 57.5°F. Tem-
perutures of ground water in the Daywon area generally range from
52° to 36°F. The wider range of temperatures reported is dus pri-
marily to recharge by induced infiltration of warmer and colder sur-
face water. Shallow wells that are pumped at a high rate and are near
& stream yield water whose temperature usually fluctustes over a wide
range seasonally, perhaps as much as from 45° to 75°F. Deep wells,
and shallow weolls not near a stream, generally yield water of more
uniform temperature.

CHEMICAL GUALITY OF BURFACN WATER AND ITHN RELATION
TO0 GROUND WATXIR

The chemical quality of surfuce water is far more variable than that
of ground water. There are two primary cavses for this: (1) large
seasonn! fluctuation of discharge and attendsnt concentration or dihu-
tion of individual constituents and (2) the variability of contamina-
tion by effiluent from industrics and municipal sewage plants. The
records of miscellaneous sampling of the Miami, Mad, and Stillwater
Rivers and of Wolf Creek (table 8) illustrate the variation in
conoentrations.

In general, the surface water sampled in the Dayton ares contains
less dissolved solids than the ground water sumpled. Nitrate is gen-
erally higher for the surface-water samples but well below the upper
limit of 45 ppm. The values for color and pH likewise are higher
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for the surface-water samples, and the tempersture of the sarface
water shows a far wider range than that of the ground water.

The quality of surface water is of special interest in 2 ground-water
investigation becsuss in heavily pumped areas adjacent to & stream
most. recharge to the aquifer comes from induced infiltration from
the stream.

The possibility always exists that polluted siream water may com-
tamimste the aquifer. There is no evidence to date to suggest that
any such contamination of the aquifer has taken place

GRAPEIC PREEENTATION OF CHEMJICAL-QUALITY DATA

Graphs are weeful for presenting s concise summnary of water-gualily
dats, for they often clarify the leas obrious relatiomships of the dis-
solved comstituents im water. Several graphic methods of presenting
thess data have bean devised, and their applications were summarized
by Ham (1959, p. 164-1886)-

Two graphic methods were chowen to summarize the data of this
imvestagation. The first (fig. 23) is & nomograph devised by Schoeller
(1935) and adapted by R. G, Vorhis of the U.S. Geological Survey-
As used here, the maximum, minimum, and sverage comoentrstions of
the principal constitasats of the 44 ground-water samples from the
Dayiom area are shown. Also plotied, for comparison, are the aver-
ages of daily sampling of the Miami and Mad Rivers in 1946 and
1947 (after Lamar and Schroeder, 1951). This disgram is especially
wssful for conversion of the variows constituents from parts per million
to equivalenis per millien.

Figure 24 iz a trilinear diagram devised by Piper (1944) for show-
ing the psreentage composition of the principal chemical comstituents
of naturel water. The diagram is an equilsteral triangle divided
into thres fislds. The lower eft and lower right fields are smaller
egquilateral triangles, and the central field is dismond shaped. Piper's
diagram indicates only the relative concentrstioms of the principal
joms. It repressuts the cations calciumn (Ca), magnesium (3g). and
sodium plos potassiem (Na+ K); and the anions chloride (1), car-
bonate ples bicarbonste (CO,+HQO,) and sulfate (SO,). The per-
ceatage of each of the catioms in equivalents per million is plotied at
a paint in the left triangular field according to conventional trilinear
coordinates; the percemtage of each of the three amions ie plotted in
thon‘lltinlngnhr&ll. The two points for each snalysis are pro-
jected parallel to the sides of the greater triangle, as shown in the small
inset of figure 34, into the central diamond -shaped field. The point in
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the cemtral field is an index of the chemical composition of the warer
with respect to the four peirs of ions indicnted alomg the margims of
the fisld.

The analyses of representstive ground-water samples from the
glacial-cutwedh aguifers of the Dayton area, plus the averages of anad-
yues of the samples collected daily 1a 194647 from the Miami and Mad
Rivers, are plotted in Ggure 24. It is readily apparent that all thess
shalyses are represented in the same small segment of each of the three
fislds, indicating thet all the waters analyzed are of strikingly similar
osmposition, calcinm (Ca) and bicarbomste (HCO,) being by far the
predominant ioaa The relative compositions of the ground- amd
surface-water samples cannot be distinguished on the basis of these
diagrams.
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SUMMARY

On the basis of 44 samples analyzed, the ground water in all the
valley-fill aquifers of the Dayton ares is of remarkably similar chem-
iral compogition. OCalcium and bicarbamate are the most prevalent.
constituents and caunse an expectedly high hardness. All the samples
analyzed are hard by most standards. Iror concentratione of 18
ssmples exceed the U.S. Public Health Service limit of 0.3 ppm for
drinking water. Without treatment, such water would be disagree-
able to the taste. Many samples contain enough iron to allow the
growth of Orenothiz bacteria, resulting in 8 major treatment problem.
All the samples analyzed ars chemically satisfactory for drinking.
The water recquires treatment, however, for many industriel appli-
estions.

FUTURE GROUND-WATER NEEDS

Estimating future ground- water needs is at best a difficult under-
taking, and the results are probably arrived st with more qualifications
and more uncertainty than forecasts of moet other human needs.
Public officials and inforined private observers glike anticipate a
large increase in water use in the years ahead, resulting from seversl
socioeconomic factors, all of which will affect the Dayton area in
vurying degree. First there is the neturnl growth in population. In
recent years the rate of population growth hag been relatively high,
and it will probably continne at & high rate in the foreseeable future.
Second, the per capita use of water for domestic purposes has in-
created even faster than has the population, as sutomatic washers,
showers, and other water-using equipmeut and practices have become
more widespread. The per capita rate of incresse in domestic wee
probably will level off, however, as there appears ¢o be s reasonable
limit. to the amount of water needed for washing, lawn sprinkling,
and other home or perscnal requirements.

The third most important consideration affecting the use of water
in the Dayton eres is that of industrial water requirements. (en-
erally, the rate of water use by industry has kept pace with or exceeded
the inorease in industrisl output. However, water-saving methads
have been instituted by some plants, and ways have been found to
reduce the amount of water used in certain processes. Also, In some
instances, water that formerly reached the plant effluent after being
used only once is recirculated and used over again, perhaps many
times. On the other hand, some plants, especially those making syn-
thetic products and chemicals, now nse Taw materials of lower grade
than formerly and require much mrore water than they did in the past
(Piper, 1933, p. 5). There are no large chemical or synthetic plants
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st Daytan, aad probably no significant changes in water use relative
to plamt ourpat have occurred in recent years

Some planta, for esample the Frigidaire Division plant at Moraine
CGity, bave begun returaing water to the ground on & small scale and
there in every likslihood thai water-saving methods, rexsing of water,
and retarning of water to the ground will be practiced incressingly
by Daytan industries in future years. Despite thess conservation
mhm,thuieuuintobashrgainmuindzdnﬂ
on the aquifers a2 population and industrial cutput comtinue to grow.

The increase in industrial use of water will be mmch greater than
salicipated if Jarge new plants are built at Dayton, or if new products
whose menufecture regaires additional use of water are developed.
Moch choice and is still availahle far indusirial expansion. The
pool of skilled lsbor, excellent transporiation facilitien, and a gener-
ally favorabls climets for industry make it [ikely ihat many new
plants will be built hare in the next two or thres decades. The cost
of water may deermine and ultimately limit the rate of any further
indesirial growth.

In his report on the nationwids water sitmstion, Piper (1953, p. 1)
wrobe:
s Ghe holf comtuxy endsd with 1934 owr Netiemal popuistios abewt deubled
bat ales sur per capiia withirmwals of wERr AdME doudisd—ronghly fyom
~bl.lloann-puw m«-wmmwurm

® ) ® ®

hwmmmmawmmm
commmenly ¥ retwragd to streams or lnkes and s may be Teuscd downsiream,
perhaps ssvern! times. However, theme returned wutary genesully ave polioted
by enmuic matier, acids and chamicals, efls, end other wastes—eot some pisces
they are gremly palluted  Also, their temperatures may be substantially bigher
Gas that of the eriginal seurce of water. Thus, taless the Sow of the receiving
stream * * ° )3 guficiestly urge for effective dilntion, oply lLimited resar may
o puasibile.

Piper (1983, p. 6) estimated the Nation's 1975 waier requirements
by profecting water-use figures for 1950 approximately 25 years into
the futere. He wrote:

This astimare tndend givas ms pamte. It foremess 2 denhied waler reguiremamt
anly 35 years bance ; the rate of perceniage incresse would be the same 28 that we
have mpevienced is Do Jant lelfcemtury. It lovesses am industrial water
seguiresaent two and & half ar thrve times that of the present: the projectiom is
sot discordant with recent trends

[ ] [ ] L J L ] [ &  J

What fs (e enldpeint wassr requirement® A reasowsd anowar seems mere
romsts Wl every year that passes.

Piper’s estimate of & doubling ia water vse in the 25-year peried
1960-T5 appliea to both surface water and ground water; however, it
s not mconsistent with the incresss in groand-water withdrawals in
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the Dayton area in recent years. In 1930, ground-water pumpage m
the Dayton area was about 50 mgd ; in 1960, it was about 90 mgd. The
tremendous growth of water use predicted by Piper appears to have
begun somewhat before 1850 in the Dayton area.

Dr. Jerome P. Pichard of the Urban Land Institute, a private re-
search organization, estimated (The Dayton Daily News, Nov. 18,
1959) that the population of the Dayton metropolitan area. which
includes Montgomery and Greene Counties, will be 08,000 in 1980 end
1,343,000 in the year 2000. In 1980 the population of the area was
621,722, Dr. Pichard believes that by the year 2000, Dayton will be
one of the major centers in the Great Lakes area, along with Columbus,
Indianapolia. Akrorn, and Louisville.

Not all this million-plus population of the year 2000 will be served
by the Dsyton and the Montgomery County water systems, but »
doubling of the present. number of domestic customers served by these
systems would seem not unlikely by that time.

Thus, if the per capita use of water for domestic needs continues to
increase, at leest moderately, in the next several years and if Piper's
prediction that the increase in future industrial water requirements
will be substantially grester than the increase in the use of water for
aother purposes is borne out, then estimates of the overall demand for
ground water in the Dayion ares are impressive indeed. Ry 1875, only
about 15 years hence, ground-water demand will have risen from the
1958 figure of 110 mgd to at least 150 mgd. By the year 2000 no less
than 210 mgd wilt be withdrawn from the valley-fill deposits in the
Dayton aren. These estimates are probebly conservative and take into
account the efflects of water-conservation messures which probably will
become widespreand in the next severnl yeara What the demand for
water will be & foew decades after 2000, say by the middle of the 21s¢
century, cannot even be guessed with reasonable confidence. Of more
immediate concern i whether Dayton’s water needs in the next 40
years cen be met at reasonsble cost.

CONCLUSIONS

The Dayton ares is richly endowed with ground-water resources.
This is atteeted to by the fact that its8 pumpage of approximately 110
mgd in 1838 represented about one-fourth of the ground water used
in Ohio. The thick and extonsive sand and gravel aquifers m the
valleys of the Miami and Mad Rivers are recharged by the streams
which flow over them snd yield groand water in quantities that are
limited chiefly by the regimen of streamflow and the ruie at which
water can infiltrate through the streambeds.
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Ground-water withdrawalx cam be materisily increased in the
Dq'umuu. An estimated 200 mgd can be obtaimed simply by con-
tinwing the presemt methods and geographical patiern of development,
even though meeh of the incressed pumpage would be from areas
already yielding Isrge sepplies. The estimaate would be higher, per-
heps as much as 223 mgd, if most of the new wells that will be needed
in the future conld be drilled in presently undeveloped ar anly moder-
alely developed arcas.  Such wells should be located cloze to the eource
sirenms and should tap the mors permeable parts of the ammifers,
preferably where thare are 2o intarbedded deposits of till to retard the
downward movemnent of water to the well screens.

New wells will not all be drilled in favorable aress. however. as moch
land has heen, or will be, preempted for uses ather tham water-supply
development. Not all mdustrial planta sre located where gealogic
and hydrologie factors are most favarable for well development. We
ean conclede, therefore, that ground-water resources will probably
never be developed to the maximum extent possible.

Large though the presently undeveloped grownd-wuter rescurcee
may tecm, the total quantity of water available is brought into sober
perspective by the steeply climbing rate of ground-waver demand,
which indirstes a need for 150 mgd by 1975 and for as much as 310
mgd by the year 2000. This means that unless natoral conditions are
altered—that is. wnless the rute of stream infiltration to the underly-
ing aquifers is antificially increased—the Dayion area could experience
s general shortage of groumd water in less than 40 years. Widespread
shortages are not inevitable, however, as economicsl methods will mo
doubt be found to increass the rute of replenishment to the principal
squifers. Buwt such method: are not yet at hand, noe is there promise
that thay will be developed snd applied soon encugh to prevest the
oocurrence of local ground-water shortages.

Daytons ground-water sitostion, which will dowmimate plans for
sdditional water-sapply development in the near future, is critical
because much of the additional ground water needed im the next few
years will of necemity be purped in hydralogically poor arese, or
in areas already extensively developed. The resukt will be an in-
creasing incidence of scate local water shortages which may, unless
a comprehensive plan is evolved, force adoption of piecemesl reme-
dial msthods and comservation measures that are likely to bs both
costly and relatively ineffective. Nowhere it this sitaation better il-
lustrated than in the central and southern parts of Deyton, where
ground-wster development generally has resched its practical limits
and lorally has exceeded these limita.

In this aren the Xiami River traverses what can be called the indus-
trial and commercial heartland of Dayton. From the confluence of
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the Mad and Miami Rivers near the Delco and Frigidsire Division
plants, the Miami River winds southward through the downtown dis-
trict with its scores of office buildings, hotels, and department stores,
most of which pump large quantities of water for air conditioners;
it flows past large industrin] plants in the southern part of Dayton,
including those of the Delco-Moraine Division and the vast complex
of the National Cash Register Co.: thence it winds past the lagoons
and beautifully landscaped terrain of National Cash Register's Old
River Park, in the bend of a cutoff meander, past nearby Carillon Park
with itg tower of bells, to leave Dayton in a broad, sweeping meander
on which is situated the lurge Tuit Generating Station of the Dayton
Power & Light Co.

Ground-water pumpage in this vital area i about 30 mgd, and it
has been incressing from the time of carliest records. The hydre-
graphs of observation wells Mt-2, Mt-3, and Mit-6 (pl. 2) show that
ground-water levels have generslly declined since about 1942, when
the record began. The long-term decline has been moderute bt per-
sistent. In 1960, an unususlly dry vear, ground-water levels in wells
M12 and Mt-6 were the lowest of record, 2-8 feet lower than in the
much publicized drought period of 1838-54.

Although of ominous future portent, the iowering of ground-water
levals has not yet caused general concern. Mareover, given a long
peried of normal streamflow sand no more than the expected rate of
increase in water use, perhaps & decade or two will pass before low
ground-water levels force a genersl reduction in pumpage. During
years of ebnormally high sireamflow ground-water levels will recover
somewhat, a8 they did in 1957, 1958, and early 1959,

However, as the use of ground water continues to grow in Dayton
and the ground-water levels becomes progressively lower, cach
drooght will produce increasingly severe demands on the reservoirs,
hastening the time when acute water shortages or remedial measures
become inevitable.

There is little doubt, therefore, that if the growth of Dayton in the
uext few decades is not to be returded by rising water costs, ways must
be found to use the ground-water reservoirs at. their optimum peren-
nial yield. Streumflow may have to be regulated and manipulated to
take advantage of the increased rutes of infiltration that are associated
with relatively high flows, Methods of mesintsining higher rates
of stream infiltration will have to be developed. These may include
dredging or harrowing of the bottom materials in some areas, or
diversion of flow into specially prepared recharge pands in other
areas—as is dons, for example, at Rohrers Island. Stream pollu-
tion, a matter that has not been explored in this investigation, will
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become of grester comoern with each paszsing vesr, as s progressive-
ly higher percentage of the streamflow is diverted into the wnderly-
ing squifera. Not anly will pollution sbatement be necessary to
avoid contamivation of wells closest 1o 1he source of sach pollution,
but alwo a reduction in the amount of chemical and organie wastes
may be required to maintsin high permeabilicy of the channel bot-
tom. There is evidence that the “hottom scal® that retards stream
infilosiion in partz of the Mismi River chanmel is composed partly
of organic wastes which act principally as a binding or cementing
agent in forming a nearly impermeable deposit. Finally, conzerva-
tion measures will have to be practiced on a large scale.  Thess will
include the remring of water, the retarning of water to the ground,
and avaidance of local overdevelopment of aquifers.

All this implGes that the cost of water in the Dayton ares will
imevitably go up. This is certainly true, but the cost need not rise to
peohibitive levels if methods for the proper management of the
ground-water resources sre instituted now. With respect to the
mstier of cost, morevver, water generally will cost more in the future,
and the Dayton ares will merely be in competition with other areas
where large supplies of water are svailable. Piper (1953, p. ) wrote:
“Thus far, availability of water hes been & minor factor in the locstion
of most industries, but [Lere he quotes Paley and others (1852, v. 3.
p-868)] * * * by 1973 water sapply may be the most important factor
affecting indestrial location.’ This sesmns to imply that industry will
go to the water. Buat the distribution and marketing of industrial
produnts is through s psttern of transportstion routes and commercial
eentuskmgmu-ynllmd,'

Piper’s cbasrvation gives pawse 10 some siatements that have been
made w the effect that “Daytor has no wuier prmblom, as areas can
be found within s few miles of present centers of pumping where the
aquifers are virtmally undeveloped.” There are such areas, of course:
moreover, some new industries will be attracted to these wndeveloped
areas, and wells will be drilled im other sach areas and the water piped
to where it is needed. That these things will have a major effect im
mitigating or delaying water shortages in the Dayrton area is not to
be denied. However, Dayton and its immediate envirems, with its
well-established power, transportation, and communication facilities,
will contimse to hold more sttraction for most industrial and com-
mercial enterprises than relatively undeveloped areas many miles from
the main Jmb of business activiry. Dayton certainly is destimed for
more industry, and that imdustry will need water—water from the
same souress and from wells i the same general areas from whence
are supplied the present industrial and municipal requirements.
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Special studies and the continuing collection of hydrologic date
will insure proper water mansgement and effective conservation
measures. The studies should be directed specifically towards de-
termining more about the mechanics of stream infiltration. Recharge
rates should be accurately determined over a wide range of stream
discharge, aud the relationship between various rates of recharge and
specific flowa in tho streamas, sediment load, and other factors should be
established. Areas most favorable for high rates of stream infil-
tration should be closely defined, and the effects on infiltration of any
differences that might exist from place to place in the character of the
sediments that make up the bottom of the channels should be de-
termined. These facts are requisite to the design and proper manage-
ment of structures that eventually may be deemed necessary to contrel
and regulate streamflow for the purpose of increasing the rate of
infiltration, or to determine the bhest places and methods for dredging
or harrowing the streambed.  They are likewise needed in the selection
of areas for future ground-water development, and for the instituting
of proper waier-conservation measures. Special studies of the type
needed would involve initially the installation of numerous observation
waells in the upper aquifer, establishment of one or more additional
gaging stations, and a program of ‘water-quality and suspended-sedi-
ment study. Techniques and methods of interpretation will of neces-
sity be evolved from the character of the data thar are collected.

Additions]l geologic data also should be collected in the Dayton
area if the best use is to be made of detailed knowledge that should
become available on the mechanics of stream infiltration. Despite the
Iarge number of drillers’ records of wells in the Duyton area, much
still needs to be learned of the precise character of the aquifers and
especially of the extent, continuity, and hydraulic properties of the
till-rich zone. Additional electric loge and depth-to-bedrock data
would be especially useful to the geologist.

Although generally not a limiting factor in the availability of
ground water, the hydraulic properties of the till-rich zone are locally
considered in setting pumping rates, and determinstion of the effec-
tiveness of artificial recharging operations will depend on knowledge
of these properties. For example, the till-rich zone controls the
amount of water aveilable from the lower aquifer at Rohrers Island,
and it probably will be a determining factor in the selection of re-
charging methods to be used at: the new municipal well field in the
Miami River Valley north of Dayton. Therefore, future test drilling
and pumping tests should be conducted in the Dayton area to rscertain
the charucter of the till-rich zone wherever possible.
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Proper managemest of Dayton's ground-water reservoirs must in-
evitably involve the cooperation and suppart of business and com-
mmnity leaders. This sspport must be based on an understanding of
the basic hydrologic and geologic factors which are responsibls for
Dayton's ground-water resourees, and the recognition that these re-
souress can no longer be considered “inexhanstible™ The saccess of
water management can be amured anly if busmess leaders. public
afiicials, and the gemeral public are kept adequately informed of the
status of the ground-water sapply by intelligant and unbisscd investi-
gaticns and research, imcluding records of water lovels in wells,
changes im chemical quality of the ground water, trends in water wse,
snd other pertinemt data. Until severe water shortages sre experi-
enced, it may not be easy to ecgasint people with the need to conserve
snd wisely woe Dayton's ground-water resources; however, an informed
public might postpons. or defer indefinitely, acute shortages and
destructive campetition om the part of warer wsers. which would be
damagimg to the ordexly growth of the Davtan erea and to the pros-
perity of itscitisens.
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